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Male Ste^l* Plants 



Description 

The present invention relates to isolated nucleic 
acid molecules useful for the production of male 
sterile plants, in particular male sterile mono- 
cotyledonous plants, to vectors containing the nu- 
cleic acid molecules, to host cells containing the 
vectors, to plants, harvest and propagation mate- 
rial containing the host cells, to methods for ob- 
taining them and to methods for isolating such nu- 
cleic acid molecules. 

The introduction of genes into transgenic plants is 
considered to have high commercial value. The 
transfer of heterologous genes or genes of interest 
into a plant under control of tissue-specific regu- 
latory elements provides a powerful means of con- 
ferring selective advantages to plants and to in- 
crease their commercial value. The ability to con- 
• trol gene expression is useful for conferring re- 
sistance and immunity to certain diseases or to 
m odify the metabolism of a tissue. Plant genetxc 
engineering techniques also prove useful in gener- 
ating improved plants for plant breeding purposes, 
such as male sterile plants, in particular plants 
exhibiting cytoplasmic male sterility (CMS) or nu- 
clear male sterility (NMS) to be used for hybrid 
breeding . 
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Hybrid breeding is widely used for corn, rice, and 
oil seed rape and is becoming ever more important. 
The most important mechanism to provide plants use- 
ful for hybrid breeding is cytoplasmic male steril- 
ity. According to this mechanism the anthers of 
various varieties do not develop functional pollen, 
which is inherited by cytoplasmic factors and may 
be restored by dominant restorer genes. In most 
instances the genes involved are mitochondrial 
genes, which are maternally inherited. Upon fer- 
tilisation with non-restorer varieties, CMS will be 
maintained in the progeny allowing the indefinite 
production of seed of the female parent. Another 
form of producing male sterile plants is to use nu- 
clear male sterility (NMS) mechanisms. However, 
its use for the production of hybrid seed is se- 
verely limited by the inevitable segregation of 
male fertile progeny when breeding NMS -plants due 
to its recessive inheritance. Up to now it was not 
possible to develop a system allowing the produc- 
tion of completely pollen sterile female plants. 
Thus, there is a great demand for providing NMS- 
plants for hybrid breeding. 

Male sterile plants may be obtained by transforming 
plants with gene constructs comprising coding se- 
quences for pollen toxic or detrimental proteins 
under control of pollen specific regulatory ele- 
ments, for instance ribonucleases under control of 
an anther specific promoter. Male sterile plants, 
however, may also be advantageously obtained by 
specifically inhibiting the formation or function 
of gene products involved in pollen development 
and/or function. 
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In higher plants, such as maize, the male products 
of meiosis, the microspores, undergo two 
cell divisions. The first pollen mitosis generates 
the large vegetative cell and a smaller generative 
cell The generative cell undergoes a second mi- 
totic division forming the two sperm cells. 
Tri cellular and bicellular pollen can be distin- 
guished, depending on whether the second pollen mi- 
osis is performed in the pollen grain or an the 
pollen tube after germination. The vegetative cell 
forms the pollen tube upon germination and trans- 
ports the sperm cells through the transmitting 
tract of the style to the embryo sac. Pollen tubes 
enter the embryo sacs through the micropyle and 
penetrate one of the two synergids whereupon the 
pollen tube bursts, releasing the ^ cells into 
the degenerating synergid. During the double fer- 
tilisation process one sperm cell ferti ises the 
egg cell and the other sperm cell fertilises the 
celtral cell. Maize pollen tubes have to grow up 
to 30 cm along the style (silk) to reach the embryo 
sac which is deeply embedded within the ovary 
(kernel). Although maize pollen tubes reach a 
growth rate of approximately 1 cm/h, it takes sev- 
eral hours to reach the embryo sac. During this 
time pollen tubes have to be guided through the 
transmitting tissue of the style and new cell wall 
nas to be synthesised to sustain the rapidly grow- 
ing tube tip. Two groups of pollen-expressed genes 
are distinguished, the so-called early pollen 
genes, which are most abundant prior to the first 
pollen mitosis and the late pollen genes, which are 
thought to have a function during pollen maturation 
and tube growth. 
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Several pollen-specific cDNAs have been isolated, 
representing unknown proteins, cytoskeletal compo- 
nents, poly(A) binding proteins, translation ini- 
tiation factors, ubiquitin and others (reviewed by 
Taylor and Hepler, 1997) . Several pollen specific 
nucleic acid sequences are described. It is known 
for instance that 5' UTRs (untranslated regions) of 
late pollen expressed genes from tomato are suffi- 
cient to alter translation efficiency in pollen 
(Bate et al . , 1996; Curie and McCormick, 1997). 
The pollen-specific translation initiation factor 
elF-4A8 was shown to be phosphorylated during pol- 
len tube growth and might be involved in regulating 
translation of late pollen genes (op den Camp and 
Kuhlemeier, 1998) . 

Furthermore, a pollen MADS box gene DEFH125 of An- 
tirrhinum is disclosed by Zachgo et al., 1997. Im- 
rnunolocalization studies showed increasing DEFH125 
expression in maturing stamen and localisation to 
the cytoplasm of the vegetative cell in mature pol- 
len Finally, kinases have been described which 
are expressed at different stages of pollen devel- 
opment (Lee et al., 1996, Estruch et al . , 
et al , 1994; Li and Gray, 1997; Wilson et al . , 

1997) and pollen tube growth (Muschietti et al . , 

1998) • However, there still remains the need for 
an efficient system to engineer plants producing 
completely sterile pollen. 

Thus it is considered particularly important to 
develop and provide means and methods that inhibit 
selectively wild-type pollen function and therefore 
allow the production of male sterile plants. 
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Thus, the tathnical problem underlying the present 
invention i. to provide nucleic acid molecules for 
use in cloning and expressing pollen specie or 
pollen abundant genes, in particular for use xn 
Lnocotyledonous plants which allow the productxon 
of male sterile plants. 

The present invention solves the technical problem 
underlying the present invention by providing purx- 
fied nucleic acid molecules for use in clonxng and 
expressing a pollen specific or pollen abundan. 
gene in a plant which are selected from- the group 
consisting cf 

(a) the nucleic acid sequence defined in any one of 

no nart or a complementary 

SEQ ID No. 1 or 12, or part 

strand thereof, 

(b ) a nucleic acid sequence encoding a protein or 
peptide with the amino acid sequence defined m SEQ 
ID No. 2, or part or a complementary strand 
thereof , 

(c) a nucleic acid sequence which hybridises to the 
nucleic acid sequence defined a) or b) . or part or 
a complementary strand thereof and 

a nucleic acid sequence which is degenerate as 
a result of the genetic code to the nuclexc acxd 
sequence defined in a) . b> . c) , or part or a com- 
plementary strand thereof, 
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{e , alleles or derivatives of the nucleic acid se- 
ance defined in (a), (b). <c). (d). or part or a 
complementary strand thereof. 

The present invention also solves this problem by 
provrding purified nucleic acid molecules for use 
f n cloning and expressing a pollen specific or pol- 
len abundant gene in a plant which are selected 
from the group consisting of 

(a , the nucleic acid sequence defined in any one of 
( M , to n or a part or complementary 

SEQ ID NO. 3 to J. A, "J- *» * 

strand thereof, 

{b , a nucleic acid sequence which hybridises to the 
lulleic acid sequence defined a) , or a part or com- 
plementary strand thereof and 

(C ) alleles or derivatives of the nucleic acid Be- 
^Ince defined in (a) or (b) . or part or a comple- 
mentary strand thereof. 

* j eon , 1(1T , re S et out in SEQ ID No. 1 
The nucleic add sequence set o 

represents a nucleic acid sequence, namely a cDNA 

fquence encoding a pollen specifically expresse 
protein, called the Zr^S2 prote.n, ^ ^ 
Lobably essential for pollen tube growth. Thxs 
seouence will be termed in the following the codxng 
Terence of tb. P-ent invention or the ZmMADS. 
coding sequence. 

The andno acid sequence set out in SEQ ID ». 2 
..presents the a*ino acid se^ence of the protein 

ZmMADS2 . 
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The sequences set out in SEQ ID No. 3 to 9 comprise 
iS olated 5 ' regulatory elements and are considered 
to be promoters or parts thereof, i.e. promoter 
fragments. These sequences are capable of modulat- 
ing, initiating and/or contributing to the pollen 
specific or pollen abundant transcription of nu- 
cleic acid sequences operably linked to them. In a 
preferred embodiment of the present invention, 
these sequences may additionally contain at their 
3- terminus the nucleotide sequence from position 
+1 to 310 as depicted in SEQ ID No. 10. This se- 
quence is a 5' untranslated region, which may serve 
as linker between a promoter of the present inven- 
tion and a coding sequence linked thereto. 

The sequences set out in SEQ ID No. 11 comprise an 
is olated 3- regulatory element and is considered to 
be a 3- transcription regulatory element, or a part 
thereof, for instance a termination and/or poly- 
adenylation signal. This sequence is capable of 
modulating, in particular contributing to, or ter- 
minating the transcription of nucleic acid se- 
quences operably linked to them. 

The sequence set out in SEQ ID No. 12 is the se- 
quence of a genomic clone comprising all of the 
above sequences. 

The present invention also relates to nucleic acid 
sequences which hybridise, in particular under 
stringent conditions, to the sequences set out m 
any one of SEQ ID No . 1 and 3 to 12 . In partxcu- 
lar. these sequences have a degree of identity of 
70% to the sequence of SEQ ID Nos. 1 and 3 to 12. 
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In the context of the present invention, n«l 
aci d sequences which hybridise to any one of the 
specially disclosed sequences of SEQ. Id. Hos. 1 
CT 3 to U are sequences which have a degree of 
to 70* sequence identity to the specifically 
di closed sequence on nucleotide level. In an even 
Zl preferred »t the present invention, 

sequences which are encompassed by the pres. >n ^ in- 
vention are sequences which have a degree of idea- 
lity of more than 70%, and even ™re P~f«™d. 
I re than 80%, ,0.. 95 * and particularly ^ to 
specifically disclosed sequences on nucleotide 



level . 



Thus, the present invention relates to 
sequences, in particular » sequences which hy- 
bridise under the hybridisation conditions as de- 
scribed in Utmx* et .1., (»89) « particular 
under the foiling conditions to the sequences 
specifically disclosed: 

Hybridisation buffer: 1 M NaCl; 1% SDS; 10% 

dextran sulphate; 100 pg/mL ssDNA 

Hybridisation temperature: 65» C 

v, o v SSC- 0.5% SDS at room 
First wash: 2 x t>i<-# 

temperature 

v, n r> v SSC- 0.5% SDS at 65°C. 
Second wash: 0.2 x t>t><-, 

More preferably, the hybridisation conditions are 
chosen as identified above, except that a hybridi- 
Stion temperature and second wash te m peratureof 
2- C and even more preferred, a hybridisation 
temperature and second wash temperature or 70 
applied. 
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,u nrpsent invention also comprises nucleic 

Z sauces of any one of SEQ ID No. I and 3 to 

12 n^articular seances which have a, least ho- 

loov to the sequence of SEQ ID No. 1 and 3 to 12. 
rcology to the q ^ ^ deriva . 

d Ld as sequences being f 
tb. above sequences but ccpnsmg for 
nucleotide exchanges, substitutions (also by u 
usual nucleotides, . rearrangements, mutations, de- 
n : insertions, additions or 

fications and are functionally 

sequences set out in SEQ ID No . 1 and 3 to 12 . 

The nucleic acid molecules of the present invention 
a« Tn a preferred embodiment, derived rom maize 
"ea mays, most preferably from maize pollen. 

, ■ ,„ the present invention it was found 

According to tne y -.^^ spe- 

that the nucleic acid sequence isolated are spe 
that the pollen and obviously 

rifically expressed m mature 

cificaixy . pollen development, in 

and/or fertilisation. 

Th us the nucleic acid molecuXes of the present in- 
• are useful for cloning tissue specific, in 

::: icui P :it — 

and/or complete genes P 

—r/ertLC:: ^ isolation of pollen 
specific coding sequences and/or transcription 
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regulatory elements that direct or contrxbute to 
pollen-preferred gene expression in plants, in par- 
ticular in monocotyledonous plants, such as maize 
The present invention also provides the means of 
isolating pollen specifically expressed genes and 
their transcripts. 

The nucleic acid molecules of the present invention 
are also useful for expressing a pollen specific 
protein, namely the ZmMADS2 coding sequence, in 
plants, in particular in the pollen of plants and 
especially in the pollen of monocotyledonous plants 
such as maize or of dicotyledonous plants such as 
sugar beets (Beta vulgaris) . Thus, the present in- 
vention provides the means to allow the expression 
of a particular pollen specific or pollen abundant 
gene in pollen thereby enabling the modification of 
pollen development, pollen tube growth or fertili- 
sation processes. The coding sequence of the pres- 
ent invention may be overexpressed in transformed 
pl ants due to expression under control of a strong 
constitutive or regulated promoter, 
possible to modify the coding sequence of the pres- 
ent invention so as to allow the production of a 
m odified pollen specific protein, which in turn 
modifies in a desired manner pollen development 
and/or function. Most importantly, the present in- 
vention provides the means to specifically inhibit 
the formation of a protein essential for pollen 
function, namely the ZmMADS2 protein, by transform- 
ing plants with antisense constructs comprising all 
or part of the ZmMADS2 transcribed region, in par- 
ticular the coding sequence or part thereof in an- 
tisense orientation under the control of its wild- 
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type or appropriate other regulatory elements so as 
^ effectively bind to wild- type ZmMADS2 mRNA and 
inhibit its translation. Another *° ssibil ^° f 
eliminating the expression of an endogenous ZmMADS2 
qe ne is to use ^suppression technology, thus to 
insert a transgenic copy of the endogenous ZmMADS2 
gene into the plant to silence the expression, for 
Instance by overexpression of the transgenic copy 
coupled in sense orientation to a strong promoter. 
Such a construct leads upon expression to the abol- 
ishment of the wild-type ZmMADS2 function thereby 
producing nuclear male sterile plants. Of course, 
the present invention also relates to processes to 
restore the elimination effect, for instance by us- 
ing switchable or inducible promoters to restore 
the effects. 

The present invention also provides regulatory ele- 
cts, such as promoters, 3' termination signals or 
elements present in 5' and/or 3' untranslated re- 
gions (UTRs) providing for pollen specific expres- 
sion of any gene of interest, including the ZmMADS2 
coding sequence of the present invent xon. 

In a particularly preferred embodiment of the pres- 
ent invention, the promoter of the present inven- 
tion is expressed in a spatially and temporally 
specific manner, preferably in mature pollen after 
dehiscence, but before or during dehydration of the 
pollen takes place. In a further preferred embodi- 
ment the promoter of the present invention xs able, 
due to specific sequence elements present in xts 
sequence, not only to direct expression in prefera- 
bly mature, ungerminated pollen tissue but addx- 
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tionally also in root tips. Of course, by deleting 
or inactivating the root specific sequence element 
in the promoter of the present invention an exclu- 
sive pollen specific expression without any expres- 
sion in other tissues of a plant may be obtained 
Accordingly, the proteins encoded by the gene of 
interest can be accumulated in pollen. For in- 
stance, the promoter of the present invention .is 
particularly useful in driving the pollen specific 
transcription of heterologous structural genes that 
confer male sterility to transgenic plants by ex- 
pressing exclusively in pollen mRNA or proteins in- 
hibiting or adversely influencing pollen develop- 
ment and/or function. Thus, the present invention 
relates to improved means and methods for plant 
breeding, in particular the production of ^ hybrid 
seed for instance by creating plants exhibiting 
nuclear male sterility, in particular in gram ce- 
reals and corn. In a particularly preferred en. 
oodiment, the present invention relates to a DNA 
construct with a promoter and/or 3' regulatory ele- 
ment of the present invention operably linked to a 
coding sequence for a toxic protein, for instance a 
barnase or a coding sequence of the present inven- 
tion as set out in SEQ ID No. 1. 

in the context of the present invention, a number 
of terms shall be utilised as follows. 

The term "promoter" refers to a sequence of DNA, 
usually upstream (5-) to the coding sequence of a 
structural gene, which controls the expression of 
the coding region by providing the recognition for 
RNA polymerase and/or other factors required for 
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Pro- 



transcription to start at the correct site. 
m oter sequences are necessary, but not always suf- 
ficient to drive the expression of the gene. 

A ..3. regulatory element (or -3' end") refers to 
that portion of a gene comprising a DNA segment, 
excluding the 5- sequence which drives the initia- 
tion of transcription and the structural portion of 
the gene, that determines the correct termination 
site and contains a polyadenylation signal and any 
other regulatory signals capable of effecting mes- 
senger RNA (mRNA) processing or gene expression^ 
The polyadenylation signal is usually characterised 
by effecting the addition of polyadenylic acid 
tracts to the 3' end of the mRNA precursor. Poly- 
adenylation signals are commonly recognised by the 
presence of homology to the canonical form 5 - 
AATAAA-3 ' , although variations are not uncommon. 

••Nucleic acid" refers to a large molecule which can 
be single or double stranded, composed of monomers 
(nucleotides) containing a sugar, phosphate and ei- 
ther a purine or pyrimidine. The nucleic acid may 
be cDNA, genomic DNA, or RNA, for instance mRNA. 

The term "nucleic acid sequence" refers to a natu- 
ral or synthetic polymer of DNA or RNA which may be 
single or double stranded, alternatively containing 
synthetic, non-natural or altered nucleotide bases 
capable of incorporation into DNA or RNA polymers. 

The term "gene" refers to a DNA sequence that codes 
for a specific protein and regulatory elements con- 
trolling the expression of this DNA sequence. 
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i hnrv element" refers to a sequence 
ThP term "regulatory exemeiiL. 

Seated upstream (5-). — /« downstream 

"f to a ceding sequence whose transcription and 
ILression is controlled by the regulatory element, 
^iallylncon^^^e^^- 

ion induced by DNA sentence elements located 
;rlm V - no/ exclusively upstream from 
tl transcription start of the gene of interest^ 

it- in an all or none response to 
Regulation may result in ^ an a ^ 

a stimulation, or it may 
the level of gene expression. 

The term -coding sequence" refers to that portion 
If . gene encoding a protein, polypeptide, or a 
;ltion thereof, and excluding the regulatory se- 
rene- which drive the initiation or termination 
of transcription. 

~r eh? reaulatory element may 
The coding sequence or the regux * 
The coqi y i n in which case it 

be one normally found in the ceil, 

Ts called -autologous-, or it may be one not nor- 
mally found in a ceilular location, in which case 
it is termed -heterologous". 

. m >„ also be composed of autolo- 
A heterologous gene may also be * 

gous elements arranged in an order ™ d >° r 
!ion not normally found in the cell it ■ which it s 
transferred. A heterologous gene may be derived in 
whole or in part from any source Known to the art. 
Including a bacterial or viral genome or episome. 
erotic nuclear or pl.smid D NA. c D KA or chemi- 
cal synthesised «K. The structural gene may 
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constitute an uninterrupted coding region or it may 
Z ude one or .ore introns bounded by appropriate 
splice junctions. The structural gene .ay be a 
splice j j = _wed from different 

composite of segments derived tr 
sources, naturally occurring or synthetic. 

The tern, -vector" refers to , recombinant DKA con- 
Truct which .ay be a plasmid. virus, or autono- 
mously replicating sequence, phage or nucleotide 
Zence, linear or circular, of a single or double 
stranded DNA or RNA, derived from any source in 
Tich a nu^er of nucleotide sequences have been 
To ined or recombined into a unique construction 
which is capable of introducing a promoter fragment 
1* a DNA sequence for a selected gene product in 
sense or antisense orientation along ™ - 

ate 3> untranslated sequence into a cell, in par 
ticular a plant cell. 

As used herein, "plant" refers to photosynthetic 
^ni-. sue, as whole plants including age 
raosses , ferns and plant-derived tissues. Plant 
mosses, differentiated and un- 

derived tissues" reters i-<-> 

differentiated tissues of a plant, including pol- 
L. Pollen tubes, pollen grains, roots, shoo , 
shoot meristems. coleoptilar nodes, tassels 
leaves, cotyledondous petals, ovules, tubers, 
seeds/kernels and various forms of cells in cul^ 
ture luch as intact cells, protoplasts, embryos and 

tdi ant- -derived tissues may £»e in 
callus tissue. Plant derive 

• ^ t- issue or cell culture. A 

plant a, or in organ, tissue 

!monocotyledo„ous plant- refers to a plan, ^ whose 
seeds have only one cotyledon, or organ of the em 
brY o that stores and absorbs food. 
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_3 e ni^» refers to a plant whose seeds 
"dictyledonous plane tglvl* ^ r 

have two cotyledons. 

-Transformation- and "transferring- refers to meth- 
ods to transfer DNA into cells including, but not 
limited to, biolistic approaches such as partxele 
bombardment, microinjection, permeabilising the 
cell membrane with various physical (e.g., electro- 
poration) or chemical (e.g., polyethylene glycol, 
PEG) treatments; the fusion of protoplasts or Agro- 
bacterium tumefaciens or rhizogenes mediated trans- 
formation. For the injection and electroporatxon 
of DNA in plant cells there are no specxfxc re- 
quirements for the plasmids used. Plasmids such as 
P UC derivatives can be used. If whole plants are 
to be regenerated from such transformed cells, 
there should be a selectable marker. Depending 
upon the method for the introduction of desxred 
genes into the plant cell, further DNA sequences 
may be necessary; if, for example, the Ti or Rx 
plasmid is used for the transformation of the plant 
cell at least the right border, often, however, 
the right and left border of the Ti and Ri plasmid 
T-DNA have to be linked as flanking region to the 
genes to be introduced. 

If Agrobacteria are used for the transformation, 
the DNA to be introduced has to be cloned into spe- 
cific plasmids, either into an intermediary vector 
or into a binary vector. The intermediary vectors 
can be integrated into the Ti or Ri plasmid of the 
Agrobacteria due to sequences that are homologous 
to sequences in the T-DNA by homologous recombxna- 
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ti on. The Ti or Ri plasmid furthermore contains 
the vir region necessary for the transfer of the 

X r>i a nt cell Intermediary vectors can- 
DNA into the plant cell. he i De r 

i^r-nharteria. By means of a helper 
not replicate in Agrobactena. y 

t he inter.ediary vector can be transferred 

l y means of a conjugation to ^^^^ 
dens Binary vectors can replicate both in E.coli 
k and they contain a selection 

and in **^~^£L J polylinker framed by 
marker gene and a linker or P y 

the right and left T-DNA border region. They can 
c * Erectly into the Agrobacteria 
be transformed directly iuu 

1978) . Th e Agrobacterium serving 

rrr: in • « ; 

region. The Agrobacterium 
£or the transformation of plant cell.. The use of 
^ -r the transformation of plant cells as 
been extensively examined and described in KP 
516; Hoekema, (1985); An et al., (1985). 

For the transfer of the DNA into the plant cell 
nt explants can be co-cultivated with Agrobac- 
rium tumefaciens or Agrobacterium rhizogenes^ From 
the infected plant material (e.g., pieces of leaf 
stem segments, roots, but also protoplasts or plant 
cells cultivated by suspension, whole plants can be 
regenerated in a suitable medium, which 
antibiotics or biosides for the selection of trans 
formed cells. 

for the transformation of mono- 
Alternative systems tor tne 

I yledonous plants are the transformation by means 
of electrically or chemically induced introduction 

i-^r-o t-he electroporation or 
of DNA into protoplasts, the eie , , 

v^-Hc^d cells, the macrom]ection 
partially permeabilised ceiis. 
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of DH* into flowers, the microinjection of DKA ato 
:Lr SP ore S and pro-embryos, the introduction o 
D^into germinating pollen and the introduction of 
Z into embryos by swelling (Potryfcus. Phys.ol. 

Plant (1990), 269-273). 

while the transformation of 

via Ti plasmid ^J^J ^lore 

Tv^mhacterium tumefaciens is wen 

decent research wor* indicates that also monocoty- 
le/onous plants are accessible for «-«fo«t» 
by ra eans of vectors based on Agrobacterium (Chan et 

al (1993); Hiei et al., (1994); Bytebier et al., 
al., (1993) Qould efc al _ # 

(1987); Ramen et al-, l« ' } } 

(199 1); Mooney et al., (1991); Lit et al., (1992)). 

in fact, several of the above-mentioned transforma- 
^systems ~« - es-U hed for =; 
a ls- the electroporation of tissues, 

rtion o f — r - 

i-icle bombardment m regenei.cn, 

i (1995) The transformation of maize 
(Jahne et al., (1995). me 

has been described in Brettschneider et al., (1997, 
has been transformation of 

and ishida et al., (1996). 1 litera- 

v. fT-^ouently described in the litera 
wheat has been frequently 

ture (Maheshwari et al., (1995). 

-host cell" refers to a cell which has 
The term "host cen 

been genetically modified by transfer of a het 
frologous or autologous nucleic acid sequence or 
Zl descendants still containing th.s 
Z host ceil may be transiently or stably ran - 
formed and is preferably able to express th trans 
formed nucleic acid ^olecuie. These cells are also 
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termed "transgenic cells". In the case of an 
autologous nucleic acid sequence being transferred, 
the sequence will be present in the host cell m a 
higher copy number than naturally occurring. 

The term "operably linked" refers to the chemical 
fusion of two of more fragments of DNA in a proper 
orientation such that the fusion preserves or cre- 
ates a proper reading frame, or makes possible the 

^ «vr>r-f»ssion of the DNA se- 
proper regulation of expression 

quences when transformed into plant tissue. 

The term "expression" as used herein is intended to 
describe the transcription and/or coding of the se- 
quence for the gene product. In the expression a 
L chain coding for the sequence of gene product 
is first transcribed to a complementary RNA, which 
is often an mRNA, and then the thus transcribed 
n^A is translated into the above mentioned gene 
product if the gene product is a protein. However 
expression also includes the transcription of DNA 
inserted in antisense orientation to its regulatory 
elements. Expression, which is constitutive and 
possibly further enhanced by an externally con- 
trolled promoter fragment thereby producing multi- 
ple copies of mRNA and large quantities of the se- 
lected gene product, may also include overproduc- 
tion of a gene product. 

A "tissue specific promoter" refers to a sequence 
of DNA that provides recognition signals for RNA 
polymerase and/or other factors required for tran- 
scription to begin, and/or for controlling expres- 
sion of the coding sequence precisely within cer- 
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tain tissues or within certain <=ells ° £ that 
sue Expression in a tissue specific manner may be 
only in individual tissues, or cells within is- 
sues, or in cognations o£ tissues. The present 
invention relates in particular to pollen and/or 
root specific expression, i.e. examples may include 
ti ssue specific expression in pollen only and no 
other tissues within the plant, or may be in pollen 
and roots, and no other tissues of the plant. An 
expression in pollen according to which the expres- 
sion taxes Place mainly, but not exclusively, in 
the pollen is also termed "tissue abundant . 

T „e term -pollen specific nucleic acid sequence" 
re£ ers to nucleic acid sequences, i.e. genes, cod- 
ing sequences and/or regulatory elements which are 
exclusively or mainly active in pollen of P ants, 
in particular those which direct or contribute to a 
ponen abundant or pollen selective expression of a 
Lotein. The term -pollen abundant nucleic acid 
sequence- refers to nucleic acid sequences i- 
genes, coding sequences and/or regulatory elements 
n w active in pollen of plants, in 
which are mainly active in p .,.,.,.„. 
particular those which direct or contribute to a 
pollen abundant expression of a protein. 

In a further preferred embodiment the invention re- 
lates to nucleic acid molecules specifically hy- 
bridising to transcripts of the nucleic acid mole- 
cules. These nucleic acid molecules are prererably 
oligonucleotides having a length of at least 10 in 
particular of at least 15 and particularly pre- 
ferred of at least 50 nucleotides. The nucleic acid 
m olecules and oligonucleotides of the present in- 
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*o n«5ed for instance as primers for a 
vention may oe usea tox 

PC* reaction or be used as counts o £ antisense 
constructs or of DNA molecules encoding surtable 

ribozymes . 

The present invention also relates to vectors com- 
prising the above-identified nucleic acid molecules 
Tn "articular comprising chimeric OKA constru< ,t. . or 
^chimeric DNA constructs such as the w^type 
ZmMADS2 gene, or derivatives thereof or parts 
th^of. The term DNA construct refers to a comp- 
letion of at least one regulatory element and a 
coding sequence. 

^ • _ - -relates to recombinant 
Thus the present invention relates 

nucleic aid molecules useful in the preparation of 
sterile plant cells and plants - 

„ ■ „„ ar -i net In particular, tne 
above by genetic engineering, xn v 
Mention concerns chimeric DNA constructs comprrs- 
ing a coding DNA sequence coding for a wrld-type 
ZxM protein operably linked to a promoter 
zmmAu&z y ,. ffprprit to the promoter 

wherein said promoter is different P 
linked to said ZmMADS2 coding sequence m the wild 

mu tated wild-type pro- 
type gene i.e. eitner ^ ° 
" or a promoter from another gene and/or spe- 
cies in a further preferred embodiment, the inven- 
tion' concerns chimeric DNA constructs comprising a 
Modified coding DNA se^ence coding for a mutated 
Z m»ADS2 protein, wherein the D H A-se q uence „ opera- 
bly linked to a promoter winch may be different 
from the promoter linked to said Zm«ADS2 codrng se- 
ance in the wild-type gene or the promoter « the 
wild- type ZmMADS2 promoter. 
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Of course, the present invention also relates to 
chimeric antisense constructs comprising a DNA se- 
quence present in or derived from the transcribed 
region of the ZmMADS2 sequence of the present in- 
vention depicted in SEQ ID No 1, or a part thereof, 
which is linked to a promoter wherein said promoter 
is different to the promoter linked to said ZmMADS2 
coding sequences in the wild-type gene or is the 
wild-type promoter and wherein the orientation of 
the coding sequence to the promoter is vice versa 
to the wild-type orientation. In one embodiment of 
the present invention, the DNA sequence of the pre- 
sent invention used to specifically inhibit via an- 
tisense constructs the translation of ZmMADS2 ex- 
pression from the wild-type gene is at least par- 
tially not derived from the ZmMADS2 coding se- 
quence, but rather contains sequences from untrans- 
lated regions of the ZmMADS2 transcribed regxon. 
Of course the invention also relates to DNA con- 
structs comprising a DNA sequence coding for the 
non-chimeric wild-type ZmMADS2 protein operably 
linked to the wild- type promoter. These constructs 
may be used to transform plant cells and plants for 
which the DNA construct is autologous, i.e. is the 
source or natural environment for the DNA construct 
or for which the DNA construct is heterologous, 
i e is from another species. Plant cells and 
plants obtained by using the above listed DNA con- 
structs may be characterised by ZmMADS2 antisense 
expression, multiple copies of the above DNA con- 
structs in their genome, that means are character- 
ised by an increased copy number of the ZmMADS2 
gene in the genome and/or a different location m 
the genome with respect to the wild-type gene 
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and/or the presence of a foreign gene in their 
genome . 

in the context of the present invention a chimeric 
DNA construct is thus a DNA sequence composed of 
different DNA fragments not naturally occurring xn 
this combination. The DNA fragments combined xn the 
chimeric DNA construct may originate from the same 
species or from different species. For example a 
DNA fragment coding for an ZmMADS2 protein may be 
operably linked to a DNA fragment representing a 
promoter from another gene of the « 
provides for an increased expression of the ZmMADS2 
coding sequence. Preferably however, a DNA fragment 
coding for an ZmMADS2 protein is operably linked to 
a DNA fragment containing a promoter from another 
species for instance from another plant specxes, 
from a fungus, yeast or from a plant vxrus or • * 
synthetically produced promoter. A synthetically 
produced promoter is either a promoter ^nesxsed 
chemically from nucleotides de novo or a hybrxd- 
promoter spliced together by combinxng two or more 
nucleotide sequences from synthetic or natural pro^ 
mo ters which are not present in the combxned form 
in any organism. The promoter has to be functional 
in the plant cell to be transformed with the chx- 
meric DNA construct. 

The promoter used in the present invention may be 
derived from the same or from a different speo.es 
and may provide for constitutive or regulated ex- 
pression, in particular positively regulated by in- 
ternal or external factors. External factors for 
the regulation of promoters are for example light, 
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draught, heat, chemicals such as inorganic salts, 
heavy metals or organic compounds such as organic 
acids, derivatives of these acids, in particular 
its salts and sugars. 

Examples of promoters to be used in the context of 
the present invention are the cauliflower mosaic 
virus (CaMV) 19S or 35S promoters, nopaline syn- 
thase promoters, pathogenesis-related (PR) protein 
promoters, the ubiquitin promoter from maize for a 
constitutive expression, the HMG promoters from 
wheat, promoters from Zein genes from maize, small 
subunit of ribulose bisphosphonate carboxylase 
(ssuRUBISCO) promoters, the 35S transcript promoter 
from the figworm mosaic virus (FMV 35S) , the oc- 
topine synthase promoter or the actin promoter from 
rice etc. It is preferred that the particular pro- 
moter selected should be capable of causing suffi- 
cient expression to result in the production of an 
effective amount of antisense mRNA or modified or 
wild-type ZmMADS2 protein to produce male steril- 
ity Of course, for selective expression of the 
ZmMADS2 protein tissue specific promoters may be 
used However, in the most preferred embodiment of 
the present invention, i.e. the ZmMADS2 antisense 
constructs, the promoter may be a constitutive 
strong promoter, since the pollen specificity of 
the antisense action is confined to the pollen due 
to pollen specific expression of the target, i.e. 
the wild-type ZroMADS2 expression. 

The DNA construct of the invention may contain mul- 
tiple copies of a promoter and/or multiple copies 
of the DNA coding sequences. In addition, the con- 
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struct may include coding sequences for markers and 
coding sequences for other peptides such as sxgnal 
or transit peptides or resistance genes for in- 
stance against virus infections or antibioses. 

useful markers are peptides providing antibiotic or 
drug resistance for example resistance to phosphx- 
notrycine, hygromycin, kanamycin, G418. gentamycxn, 
lincomycin, methotrexate or glyphosate. These mark- 
ers such as the herbicide resistence gene pat en- 
coding a phosphinotrycine acetyl transferase, can 
be used to select cells transformed wxth the chx- 
rae ric DNA constructs of the invention from untrans- 
formed cells. Of course other markers are markers 
coding peptidic enzymes which can be easx ly -de- 
tected by a visible reaction for example a colour 
reaction for example luciferase, P-1.3- 
glucuronidase or p-galactosidase . 

Signal or transit peptides provide the ZmMADS2 pro- 
tein formed on expression of the DNA constructs of 
the present invention with the ability to be trans- 
ported to the desired site of action. Examples for 
transit peptides of the present invention are chlo- 
roplast transit peptides, mitochondria transxt pep- 
tides or nuclear localisation signals. 

in chimeric DNA constructs containing coding se- 
quences for transit peptides these sequences are 
Tsually derived from a plant, for *™ ^ 
corn, potato, Arabidopsis or tobacco. Preferably, 
transit peptides and ZmMADS2 coding sequences are 
derived from the same plant, for instance com. In 
particular such a chimeric DNA construct comprxses 
I DNA sequence coding for a wild-type ZmMADS2 pro- 



WO 01/12798 



-26- 



PCT/EPOO/08001 



tein and a DNA sequence coding for a transit pep- 
tide operably linked to a promoter wherein said 
promoter is different to the promoter linked to 
said coding sequences in wild-type gene, but func- 
tional in plant cells. In particular, said promoter 
provides for higher transcription efficiency than 
the wild- type promoter. 

The mRNA produced by a DNA construct of the present 
invention may advantageously also contain a 5- non- 
translated leader sequence. This sequence may be 
derived from the promoter selected to express the 
gene and can be specifically modified so as to in- 
crease translation and stability of the mRNA. The 
5- non- translated regions can also be obtained from 
viral RNAs from suitable eucaryotic genes or a syn- 
thetic gene sequence. 

Preferably, the coding sequence of the present in- 
vention is not only operably linked to 5- regula- 
tory elements, such as promoters, but is addition- 
ally linked to other regulatory elements such as 
enhancers and/or 3' regulatory elements. For in- 
stance, the vectors of the present invention may 
contain functional terminator sequences such as the 
terminator of the octopine synthase gene from Agro- 
bacterium tumefaciens. Further 3' non-translated 
regions to be used in a chimeric construct of the 
present invention to cause the addition of poly- 
adenylate nucleotides to the 3' end of the tran- 
scribed RNA are the polyadenylation signals of the 
Agrobacterium tumefaciens nopaline synthase gene 
(NOS) or from plant genes like the soy bean storage 
protein gene and the small subunit of the ribulose- 
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1 5-bisphosphonate carboxylase (ssuRUBISCO) gene. 
Of course, also the regulating elements of the pre- 
sent invention deriving from the wild-type ZmMADS2 
gene may be used. 

The vectors of the present invention may also pos- 
sess functional units effecting the stabilisation 
of the vector in the host organism, such as bacte- 
rial replication origins. Furthermore, the chimeric 
DNA constructs of the present invention may also 
encompass introns or part of introns inserted 
within or outside the coding sequence for the 
ZtnMADS2 protein. 

in a particularly preferred embodiment of the pres- 
ent invention the vector furthermore contains T- 
DNA, in particular the left, the right or both T- 
DNA borders derived from Agrobacterium tumef aciens . 
Of course, sequences derived from Agrobacterium 
rhizogenes may also be used. The use of T-DNA se- 
quences in the vector of the present invention en- 
ables the Agrobacterium mediated transformation of 
cells in a preferred embodiment of the present in- 
vention the nucleic acid sequence of the present 
invention, optionally operably linked to regulatory 
elements, is inserted within the T-DNA or adjacent 
to it. 

Furthermore, the present invention relates to a 
wild-type or modified ZmMADS2 protein coded by a 
nucleic acid sequence of the present invention. 
The ZmMADS2 protein exhibits in a particularly pre- 
ferred embodiment features of a MADS-box protein 
and in particular transcriptional regulative activ- 
ity during oollen development, in particular pollen 
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tube growth, and function. In particular, the pre- 
sent invention relates to a ZmMADS2 protein pro- 
duced from a plant cell or plant of the present xn- 
vention or from the propagation material or harvest 
products of plants or plant cells of the present 
invention. The invention also relates to antibo- 
dies, in particular mono- or polyclonal antibodxes 
as well as peptide antibodies raised against the 
protein with the activity of an ZmMADS2 protexn 
which may be useful for cloning and detection as- 
says . 

Thus, the present invention also relates to a 
m ethod for the production of a protein with the ac- 
tivity of an ZmMADS2 protein, wherein a cell of the 
present invention, in particular a plant cell or 
plant callus is cultivated under conditions allow- 
ing the synthesis of the protein and the protein xs 
isolated from cultivated cells and/or the culture 
medium. 

in a particularly preferred embodiment of the pres- 
ent invention the 5- and/or 3' regulatory elements 
of the present invention contained in the vector 
are operably linked to a gene of interest which xn 
this context may also be only its coding sequence, 
which may be a heterologous or autologous gene or 
coding sequence. Such a gene of interest may be a 
gene, in particular its coding sequence, confer- 
ring, for instance, disease resistance; drought re- 
sistance; insect resistance; herbicide resistance- 
immunity; an improved intake of nutrients, minerals 
or water from the soil; or a modified metabolxsm xn 
the plant, particularly its pollen and/or roots. 
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Such a modified metabolism may relate to a pre- 
ferred accumulation of useful or toxic substances 
in pollen and/or roots, for instance sugars or, 
vice versa, in the depletion of substances undesir- 
able in pollen and/or roots, for instance certain 
amino acids. Thus, in the context of the present 
invention, a gene of interest may confer resistance 
to infection by a virus, such as a gene encodxng 
the capsid protein of the BWYV or the BNYW virus, 
a gene conferring resistance to herbicides such as 
Basta®, or to an insecticide, a gene conferring re- 
sistance to the corn rootworm, a gene encoding the 
toxic crystal protein of Bacillus thuringiensis or 
a gene whose expression confers male sterility. A 
gene of interest includes also a coding sequence 
cloned in antisense orientation to the regulatory 
sequences directing its expression. Such an an- 
tisense-construct may be used specifically to re- 
press the activity of undesirable genes in plant 
cells, in particular in pollen and/or roots, for 
instance to produce male sterile plants exhibiting 
a modified, for instance abortive pollen develop- 
ment, pollen morphology or metabolism and/or pollen 
function. The gene of interest may also comprise 
signal sequences, in particular ER targeting se^ 
quences, directing the encoded protein in the ER 
and eventually for instance in the cell wall, vas- 
cular tissue, nucleus and /or the vacuole. 

Thus, the nucleic acid sequences of the present in- 
vention are useful since they enable the pollen 
and/or root specific expression of a ZmMADS2 coding 
sequence in antisense orientation and further genes 
of interest in plants, in particular monocotyledon- 
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dous Plants. Accordingly, plants are enabled to 
produce useful, in particular toxic, products xn 
their pollen or the plants may be engineered by 
modifying the pollen structure, function and/or de- 
velopment . 

The present invention also relates to a method of 
genetically modifying a cell by transforming xt 
with a nucleic acid molecule of the present xnven- 
tion or vector according to the above, whereby the 
ZmMADS2 coding sequence or a further gene of xnter- 
est operably linked to at least one regulatory ele- 
ment either according to the present invention or 
as conventionally used is expressible in the cell, 
in particular, the cell being transformed by the 
method of the present invention is a plant, bacte- 
rial or yeast cell- In a particularly preferred 
embodiment of the present invention, the above 
method further comprises the regeneration of the 
transformed cell to a differentiated and, xn a pre- 
ferred embodiment, fertile or non-fertile plant. 

The present invention also relates to host cells 
transformed with the nucleic acid molecule or the 
vector of the present invention, in partxcular 
plant, yeast or bacterial cells, in particular 
monocotyledonous or dicotyledonous plant cells. 
The present invention also relates to cell cul- 
tures, tissue, calluses, etc. comprising a cell ac- 
cording to the above, i.e. a transgenic cell and 
its descendants harbouring and preferably experx- 
encing the nucleic acid molecule or vector of the 
present invention. 
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Thus, the present invention relates to transgenxc 
plant cells which were transformed with one or sev- 
eral nucleic acid molecules of the present inven- 
tion as well as to transgenic plants cells origi- 
nating from such transformed cells. Such plant 
cells can be distinguished from naturally occurring 
plant cells by the observation that they contaxn at 
least one nucleic acid molecule according to the 
present invention which does not naturally occur in 
these cells, or by the fact that such a molecule xb 
integrated into the genome of the cell at a loca- 
tion where it does not naturally occur, that 
another genomic region, or by the observation that 
the copy number of the nucleic acid molecules xs 
different from the copy number in naturally occur- 
ring plants, in particular a higher copy number. 
Preferably, the nucleic acid sequences of the pres- 
ent invention is operably linked in antisense orx- 
entation. 

Thus, the present invention also relates to trans- 
genic cells, also called host cells, transformed 
with the nucleic acid molecule or vector of the 
present invention, in particular plant, yeast or 
bacterial cells, in particular monocotyledonous or 
dicotyledonous plant cells. The present invention 
also relates to cell cultures, tissue, calluses, 
propagation and harvest material, pollen, seeds, 
seedlings, embryos, etc. comprising a cell accord- 
ing to the above, that is, a transgenic cell bexng 
stably or transiently transformed and being capable 
of expressing a male sterility causing codxng se- 
quence. The transgenic plants of the present in- 
vention can be regenerated to whole plants accord- 
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ing to methods known to the person skilled in the 
art The regenerated plant may be chimeric wxth 
respect to the incorporated foreign DNA. If the 
cells containing the foreign DNA develop into ei- 
ther micro- or macro-spores the integrated foreign 
DNA will be transmitted to a sexual progeny. If 
the cells containing the foreign DNA are somatic 
cells of the plant, non-chimeric transgenic plants 
are produced by conventional methods of vegetative 
propagation either in vivo, i.e. from buds or stem 
cuttings or in vitro following established proce- 
dures known in the art. 

Thus, the present invention also relates to trans- 
genic plants, parts of plants, plant tissue, plant 
seeds, plant embryos, plant seedlings, plant propa- 
gation material, plant harvest material, plant 
leaves and plant pollen, plant roots containing the 
above identified plants cell of the present inven- 
tion. These plants or plant parts are character- 
ised by, as a minimum, the presence of the het- 
erologous transferred DNA construct of the present 
invention in the genome or, in cases where the 
transferred nucleic acid molecule is autologous to 
the transferred host cell are characterised by ad- 
ditional copies of the nucleic acid molecule of the 

^r„-;/,-vr a different location 
present invention and/or a 

within the genome. Thus, the present invention 
also relates to plants, plant tissues, plant seeds, 
plant seedlings, plant embryos, propagation mate- 
rial, harvest material, leaves, pollen, roots cal- 
luses, tassels etc. non-biologically transformed 
which possess stably or transiently integrated in 
the genome of the cells, for instance in the cell 
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nucleus, plastids or mitochondria a heterologous 
and/or autologous nucleic acid sequence contaxnxng 
(a) a coding sequence of the present invention or 
(b , a regulatory element of the present invention 
recognised by the polymerases of the cells of the 
said plant and, in a preferred embodiment, being 
operably linked in sense or antisense orientation 
to in case of (a) at least one regulatory element 
or in case of (b) a coding sequence of a gene of 
interest. The teaching of the present invention xs 
therefore applicable to any plant, plant genus or 
plant species wherein the regulatory elements men- 
tioned above are recognised by the polymerases of 
the cel i Thus, the present invention provxdes 
plants of many species, genuses, families, orders 
and classes that are ably to recognise these regu- 
latory elements of the present invention or denva- 
tives or parts thereof. 

Any plant is considered, in particular plants of 
economic interest for example plants grown for hu- 
ma n or animal nutrition, plants grown for the con- 
tent of useful secondary metabolites, plants grown 
for their content of fibres, trees and plants of 
ornamental interest. Examples which do not imply 
any limitation as to the scope of the present in- 
vention are com, wheat, barley, rice, sorghum, 
sugarcane, sugarbeet, soybean, Brassica, sunflower, 
carrot, tobacco, lettuce, cucumber, tomato, potato, 
cotton, Arabidopsis, Lolium, Festuca, Dactylis, or 
poplar . 

The present invention also relates to a process in 
particular a microbiological process and/or technx- 
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cal process, for producing a plant or reproduction 
material of said plant, including an heterologous 
or autologous DNA construct of the present inven- 
tion stably or transiently integrated therein, and 
capable of being expressed in said plants or repro- 
duction material, which process comprises trans- 
forming cells or tissue of said plants with a DNA 
construct containing a nucleic acid molecule of the 
present invention, i.e. a regulatory element which 
is capable of causing the stable integrate of the 
ZmMADS2 coding sequence in said cell or tissue and 
enabling the sense or antisense expression of a 
ZmMADS2 coding sequence or part thereof in said 
plant cell or tissue, regenerating plants or repro- 
duction material of said plant or both from the 
plant cell or tissue transformed with said DNA con- 
struct and, optionally, biologically replicating 
S aid last mentioned plants or reproduction material 
or both. 

Finally, the present invention relates to a method 
for isolating or cloning pollen and/or root spe- 
cific gene and/or pollen and/or root specific regu- 
latory elements, such as promoters, or MADS box 
genes whereby a nucleic acid sequence of the pres- 
ent invention is used to screen nucleic acid se- 
quences derived from any source, such as genome or 
cDNA libraries derived from plants, in particular 
m onocotyledonous plants. The nucleic acid se- 
quences of the present invention thereby provide a 
means of isolating related regulatory sequences of 
other plant species which confer pollen or root 

specificity to genes of interest operably Ixnked to 

them. 
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Further preferred embodiments of the present inven- 
tion are mentioned in the claims. 

The invention may be more fully understood from the 
following detailed sequence descriptions which are 
part of the present teaching. The SEQ ID Nos. 1 to 
40 are incorporated in the present invention. The 
positions indicated below refer to the sequence 
numbering of SEQ ID No. 12 in 5' to 3' direction. 

SEQ ID No. 1 represents the complete cDNA- sequence 
of the ZmMADS2 (Zea mays MADS-box) gene. 

SEQ ID No. 2 represents the amino acid sequence of 
the ZmMADS2 protein. 

SEQ ID No. 3 to 9 are partial DNA sequences of the 

f 7M mavs and represent promoters 
ZmMADS2 gene of Zea mays r 

and promoter fragments of various lengths. 

SEQ ID No. 3: The 1502 bp (base pair) sequence 
spans the region from and including position 1 to- 
wards the 3' end, up to and including posxtxon 
1502. 

SEQ ID No. 4: The 502 bp (base pair) sequence spans 
the region from and including position 1 towards 
the 3- end, up to and including position 502. 

SEQ ID No. 5: The 500 bp (base pair) sequence spans 
the region from and including position 503 towards 
the 3' end, up to and including position 1002. 
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SEQ ID Ho . 6: The 1000 bp Cbase pair, sequence 
spans the region from and including posit.cn 503 
cTrds the 3. end. up to and including pos.tion 



1502 



SEQ ID No. 7: The 740 bp (base pair) sequence spans 

the region fro. and inching position 

the 3. end, up to and including posxtxon 1502. 

SEQ ID No. 8: The 500 bp (base pair) sequence spans 
the region fro. and inching position 1003 towards 
the 3- end. up to and including posxtxon 1502. 

SEQ ID No. 9= The 410 bp (base pair) sequence spans 
The region fro, and including position -3 towards 
the 3- end, up to and including posxtion 1502. 

~ ID "" "o/U * "etnce 

initiation codon ATG at position 1813 to 1815 to 
uards the ,. end up to the initiation s te of tran 
scription at position 1503 (5- -AAACG-3' ) . Thrs 
quence is the 5' untranslated region (5' UTR) 

SEQ ID NO. 11 is also a partial DNA sequence of the 

„,-<■ a v regulation element 
ZmMADS2 gene and represents a 3 regu 
of 251 bp from and excluding the translation stop 
codon TGA at position 437, to 43B1 to posxt.on 



5031 



™ M 1? is the genomic DNA sequence of the 
SEQ ID No. 12 IS tue a c 

nf zea mays comprising 5031 nucleo- 
ZmMADS2 gene of Zea mays ^ . , ,. h - 

tides and encompassing the coding regxon of the 
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gene an 5. untranslated region o£ 310 bp 5- VTR: 
Potion 15.3-1.121 --ween and — the 
translation initiation codon ATG (po.xt«» 1813 
ms) and including the nucleotide at posrtron 1503 
also aepicted in SEQ XI> «, 10, and the regu atory 
llements identified in SEQ IB »» 3 3 to 9 and 11. 

SEQ ID NO. 13 to 40 represent primers used tor 
"Ins and detecting nucleic acid sequence * 
present invention and/or transcrrpts expressed 

thereby . 

<o further illustrated by way of ex- 
The invention is furtner 

ample and the following drawings. 

Figure 1 shows a northern blot analysis for various 
tissues of Zea mays. A signal was obtained exclu- 
sively in mature pollen. 

Figure 2 shows RT-PCE analyses o£ various maize 
tiles. A signal could be obtained in mature pol- 
len and root tips (lower band; 350 bp) . 

Fiq ure 3 shows PCR analyses of various reproductive 

les, in particular of c E KA 
cells in vitro zygotes IS hours after fertiUea 

mature pollen and leaves (from seedUngs, . * 
signal was obtained only in mature pollen. 

figure 4 shows RT-PCR analyses of ZmMADSZ expres- 
sion during microgametogenesis of maize. A s.gnal 
was obtained in mature pollen after anthesxs. 
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Figure 5 shows ZmMADS2 transcript in growing pollen 

tubes of maize. 

Figure 6 shows transient transformation assays of 
N. tabacum. 

Example 1: Cloning of the ZmMADS2 cDNA sequence 
Plant material and pollen isolation 

Tissues were isolated from Zea mays L. inbred line 
A1 88 (Green and Philips, 1975) cultivated xn a 
greenhouse. Embryos from kernels (12 dap and m a- 
t«re) were isolated under sterile cond.t.ons. 
seedlings were germinated under sterile -n^ons 
in the dark and were dissected into cotyledons, 
roots tips and scutella. For isolation of pollen 
before anthesis, tassels were divided into upper 
(m ature stage) and lower parts (immature stage) ^ 

■ n ac: described by Mordhorst et 

Pollen was isolated as aescrit>«= * 

al (1993) and different developmental stages were 

separated via a discontinuous Percoll gradient 

j acx* pprroll in 0.4 M mannitol) . cen- 
f20% 30% and 40* Percoxi -lh 

Legation was perked for 10 .in at 20- C and 

226 * g in a swing out rotor with slow 

and deceleration. Development.! stages of pollen 

. .n,. - n d bv DAPI staxning 
were monitored microscopically and by 

(see below) . 

RNA isolation and construction of cDNA libraries 

Total RNA was isolated from various tissues with 
TRIzol (GibcoBRL) . Seasand was added for the mac- 
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• of nollen Total RNA was isolated from ma- 
l the protocol described by sun. et al. 

poly( A> ^ xr la mbda vector 
f 1996b) using tne 

^ Total RNA from leaf material of 10 

(Stratagene) - Total RN described by 

day old seedling, • ~ library was gen - 

rtiHr:: a „ « 

• of cDNA library with maize MADS box 
Screening of cDNA 

probes 

The highiy conserved MADS box of different maize 
The highly c genon , e 
MADS box genes was amplified tr scre en- 
by PC R and served as probes for the plague screen 
!ng of a CDNA library of mature maize pollen. 

G enomic DNA from leaf ^^^^JZ 
U "1 tT f « ll r^h«i. of different MADS box 

"Us Gen. specif primers with the nucleotide 
probes. Gene P ^ ^ ^ ^ uged 

maize MADS box genes: 

^ ( 5 ' - ATGGGGAGGGGAAGGATTGA- SEQ ID No. 13, 

5 ' - CTGTTGTTGGCGTACTCGTAG- 3 ' , SEQ ID So. 14). 
ZEM2/3/ZAG 4 (5' -AGGGGCAAGATCGACATCAAG-3 , ID 

"^/icGT/AACTCGTAGAGGCGG... SEQ ID No. 1«. 
^3/5 (5' -ATGGGGAGGGGACGA/CGTTGA-3 , SEQ 



17 ; 
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5' -GCTGCCGAACTCGTAGAGCT-3 ' ; SEQ ID No. 18), 

ZAP! (5' -GTTGTTGGCGTACTCGTAGAG-3 ' , SEQ ID No. 19; 

5' -GGGCGCAAGGTACAGCTGAA-3 ' , SEQ ID No. 20), 

ZAG1 ( 5 ' -GTTGTTGGCGTACTCGTAGAG-3 ' , SEQ ID No. 21; 

5 ' -AAGGGCAAGACTGAGATCAAG-3 , SEQ ID No. 22) and ZAG2 

(5» _cACTTGAACTCTTTTACGCTTAT-3 ' , SEQ ID No. 23; 

5' -GACAATCTTGACACATGTATGAA-3 ' , SEQ ID No. 24); 

amplification of the MADS box and flanking genome 

regions: PCR amplification was performed with 200 

ng genomic DNA in a standard reaction mixture: 250 

Z primer, 2 m MgCl 2 . 400 ,M dNTPs and 1-25 U Tag 

^ polymerase (GibcoBRL) in PCR buffer (50mM KCl, 

20 mM Tris-HCl, pH 8.4). Hot start PCRs were per^ 

formed with the following profile: 5 mm 95 C 3 

min 75° C (addition of Taq-DNA polymerase) followed 

-.u -, min 96" C 1 min 62° C (ZEM, 
by 30 cycles with 1 min 96 <~, i 

Z«M, an) or 60» c »n) and 3 min 72 c. 

A final extension was performed for 5 mm at 72 C. 

c ^ arate( i 0 n low melting agarose 
PCR products were separated on 

, ~- n<rr BlOzvm) and isolated gel frag- 
aels (NuSieve GTG, Biuzynw c* 

Lts containing the DNAs were digeste * 
(BlOzym) . Probes were labelled with [ P] -dCTP 
(6000 Ci/mmol), Amersham) using the Prime-it 
random primer labelling Kit (Stratagene) and puri- 
fied with NucTrap columns (Stratagene) . Approxi- 
mately 22.000 phages from the pollen library were 
Tlated per l5 cm plate and transferred by Hybond-N 
Lmbranes (Amersham) as double plague lifts accord- 
ing to Sambrook et al. (1989). Prehybndisation 
was performed with 50 ,g/ml salmon sperm DNA in hy- 
bridisation buffer (5XSSPE, 5x Denharts, 0.5, SDS) 
for 5 h at 55° C. Filters were hybridised with a 
cocktail of the different MADS box probes m a fi- 
nal concentration of 650.000 cpm for each probe/ml 
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hybridisation buffer. After hybridisation ov.r- 
=ht at 55" C filters were washed three times lor 
r 5 .in with 5x SSPE/O.i* SDS and exposed to X-Omat 
M films (Amersham) using intensifier screens at - 
70 . c Putative positive lambda phages were iso- 
iated'and cDNAs excised according to the manufac- 
turer (ZAP-cDNA synthesis Kit, Stratagene) . 

Thus approximately 250.000 phages were screened 
the MADS box probes at medium stringent condi- 
tions to permit hybridisation to less homologous 
sequences Thirteen putative positive signals were 
analysed further and two cDNAs with high homology 
to Zs box proteins were isolated, designated 
ZmMADSl and ZmMADS2 . 



5' RACE 



2mM ADS 2 cDNA isolated from the pollen cDNA library 
„as incomplete at its S- end and a PCR approach was 
chosen to isolate the full length cDNA from the 
library. For amplification of the missing 
5. end, a gene specific RACE-primer (rapid amplifi 
cation of cD»A ends. 5' -CGATTCAAATCGTGAATCTCAT-3 ; 
SEQ ID Bo. 25) combined with a pBluescript vector 
primer (5- -CCCCCGGCCTGCAGGAATTC-3 • , SEQ ID No. 2€- 
Z lor primer, was used in a standard PC* reaction 
„ith the following profile: 3 min c ^owed >>y 
on sec 96° C, 30 sec 62°, 2 min 72 C 
ILTl nal extension for S min at „• C. PC 
Products were cloned and seouenced. Full 1«9^ 
CDNA was amplified from 3 ,1 pollen =DHA library 

^fic for the ZmMADS2 3' -end and 
with primers specitic ror u 

5'-end (5 ' -TTTTAGCAACATCTGCACCATT-3 ' ; SEQ ID No. 
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„. 5' -TCTCGGCTAGCTTCCTCCT-3 ' ; SBQ ID No. 28) using 
I ' xture o£ 2 0 Pfu DNA polymerase and 1 a TaqPlus 
a mixture or ,- trataa ene> for a first ampli- 

^ g BB A P^^^"^ 9 ^! standard PC* reac- 
£ic ation round of 2 * ^ ^ 

ti on with Pfu reason Tris . 
/xTTT \ cn , 2 mM MgS0 4 , u.xo 

Tl PH 8.75). a/10 of Purified PC* products 
^ ~ template in a subsequent secon ampli- 
cation round with Pfu DHA polymerase (25 cycles) . 
^profiles for both amplification 
Allows, 3 min 9 «. C S min 75- C ^ followed ,» 2S 

•i-v, on «c 96° C, 30 sec 58° C, 90 sec 
cycles with 20 sec . ^ pcR 

C and a final extension for 5 mm 
products were- cloned and sequenced. 

DNA Sequencing and sequence analysis 

n f cDNAs was performed with the ABI 
Sequencing of cDNAs P ^ rMe 

PRISM Dye ^™ nat °* ^ 2or*in g to the manufac- 
fPF ADDlied Biosystems) accorainy 
urerTprotocol. except that SCO n g of template DHA 
Z 5 Pmole vector primers were used. Sequence 
I'lyserwere performed with D-AS1S 1.1 software 
program package (HITACHI ) . 

The cDNA Of Zm«ADS2 is 1288 bp 

open reading frame of 2,0 am. » ^ ^ ^ 
•«, bD (3' UTR: position 3976 422b, 

S.-OTR is 310 bp 15' UTR, positron 1,03 - 1812) m 
length, calculated from the putative start pomt of 
transcription at position 1503 as analysed by 
^mlr extension (data not shown, to and exciudmg 
the ATG at position 1813-1815- 
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of the full-length cDNA is given in 

i. given in SEQ ID No. 2. ZmMADS2 contains a MADS- 
^ at the H-terminal end consign, , of 57 
(including the start methionine, ammo ac* The 
M^S-box i. followed by a linker regron of 32 amrno 
acid and a K-box comprising 67 ammo acrds £ 
tative bipartite nuclear localisation srgnal « lo- 
cated in the MADS box of ««» - * bipart.te Sig- 
nal motive ,«R- «»„-«») i- ° £ tW ° blS " 
amino acid., a spacer of tweive variable « - 
ids and a basic cluster in which three out of -e 
amino acids are basic. Putative N-glycosylatron 
Ttes (N-X-T/S, and several putative phosphoryla- 
11 Irtes or protein kinase C (ST-X-RK, and Ca- 

, K (Sr-X -DE) have been found. Homology 

sein Kinase II v^ 1 A 2 

searches revealed that ZmMADS* belongs to the AOL 
X7 family of ^ box proteins (Zachgo et al.. 
1997) . 

Example 2: Cloning of the genomic Zm«ADS2 clone 

The CDNA isolated in Example 1 was used to clone 
the genomic clone as follows: 

Cenomic DNA from leaf material of Zea mays line 
A1 88 was used to construct libranes wrth the 

mltor Kit" (Clontech, Palo 
-universal Genome walker Kit 

Alto) . These libraries served as templates for the 
"thesis of four genomic fragments. The ampli- 
cation was carried out with nested adapter prrmers 
havered by the manufacturer and nested gene spe- 
cific primers (Tnorf 1: 

CGGCCTATAGCTAGCTCTCTTCTTGACCCT-3 ' , SEQ ID No. 29; 
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w .1 5.-AGGGTCAAGAAGAGAGCTAGCTATAGG-3', SEQ ID 
r 30'; Tnorf2: 5' -GCTAAGGAGCGAGAGGTTGTGGTTGTGG-3' , 
SEQ ID No. 31; Front2 : 

CCACAACCACAACCTCTCGCTCCTTA-3', SEQ ID No. 32 ac- 
cording to the manufacturer's instructions. 

PGR amplification of a fragment containing intron 1 
h +Z first 247 bp of intron 2 was performed fol- 
and the first ^/ P WLifi- 



t-n the reaction mixture. °y 

* introns 3 to 6 was performed in a stan- 
dees of mtrons 3 t c ^ 

rtard PCR reaction mixture wicn 

template and the following gene specific primer = 
E*3 oben- 5' -TCGGCAGTTGACGGGAGAT-3' , SEQ ID No. 33. 
Tn low- S-^GC^CrCATTAT^C-3'. SEQ ID No. 
34 Pe for- 5' -AGAAACCAGAGATGTTCCAG-3' , SEQ ID No. 
35' P »ev. 5 ' -CAACATCTGCACCATTTTGAA-3 ' , SEQ » ^ 
3/ Intron2 1: 5' -GTCACATCAACAAGCGTCCTACC-3 ' , SEQ 
ID NO 37, Intron3 = 5 - -TAAGAGCATCAACAGTAGTAACG-3 • , 
SEQ ID No. 38. 

A1 1 fragments were cloned with tne zero blunt TOPO 
Z Cloning Kit Unvitrogen, LeeW and sequenced at 
C 3 . . „..„, t £ or fragments containing 
SEQLAB (G&ttingen). except tor a irhdfff „ ent 
intron 2. Amplification of Intron 2 with different 
Primer pairs Untron2_l and Pe-rev. Intron2_l and 
Z J, intron 2_1 and Intron3. Front2 and In- 
I3 using different DNA polymerases (PfuTu^o 
Stratagene; PlatinumTa,. GibcoBRL; ^> ^ 

^ ^H=t- this Intron is about 11 kt> ^ n 
Clontech) showed that tnis 

length . 
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^ of the qenomic clone as de- 

Zlt £.7~ not been «!, — ^ 
ing upon the start of "^7^ a tt L S cr iP - 
— —ft, b .» at position 

Sta l«c" From position 1503 to the ATO 
1503 5 translation codon at position 1613 to 
ini " T h e S untra nsla ted region. Exons and oon- 
1815 is the 5 untr Seated in SEQ ID No. 

seguently also introns are ^»" d and 3204 

, i^rmi II between position 320-J 
j.2. in intron " ._M.aui.tv Further nu- 



(circa 11 kb) 



^^>i^n TGA is located at 
Th e translation termination «* ™ 

• • Aiia to 4780 with a transcripts 
posxtxon *7Btt ^ pos . tion 4781 and 

tion signal between ana . TATAA is lo- 

5031 A putative polyadenylatxon sxte TAT 
cated at position 4888 to 4893. 

«r« from position 1 to position 1502 de- 
The P— r fr °; N P Q 3 may be divided into func- 
picted xn SEQ ID Nc > Y seque nces as indi- 

tional propter fragments wxt ^ ^ ^ 

* • ^ cpn ID No . 4 to 9 . 
cated xn SEQ ID induction element respon- 

at posxtxon 17 _27 coldness and 

si ve to dryness, abscxsxc specific element, 

at position 151 to comprises at 

The promoter fragment of SEQ > * ^ ^ 
positions 532 to positron 536. posit ^ 
positions 63* to «. and p-l«« ^ ^ 

ro ot-specific on by sugar deple- 

element responsxble for 
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•*.^n 684 to 689 an element respon- 
t-^n and at posxtxon b»4 uu 

Z -dryness, abscisic acid and/or coldness. 

Tne propter set out in SEQ ID No. 8 -prises an 
element responsible for induction by dryness ab- 
scisic acid and/or coldness located at posxtxon 
To^ to 1025 and 1363 to 1375, a root-specxf xc ele- 
Mnn 1083 to 1087 and a sucrose respon- 
ment at posxtxon 1083 as 
si ve element at posxtxon 1192 to 1200 
L element responsible for inductxon by sugar de 
an element v element con- 

ple tion at posxtxon 1259 to ^6 ^ ^ 

ferring root-specxf xcxty at posit 

iB particularly important due to r o 

Lcxficity. Deletion of this element xn the pro 

specxf xcxty. f the present inven- 

moter fragments and ««^™ JLsiveXy «- 

tion provides a promoter Dexng 

pressed in pollen. 

in the 5' UTR depicted in SEQ ID No. 10, an element 
^sponsible for induction by sugar depletxon xs lo- 
cated at position 1701 to 1708. 

^nfprrina root-specificity are 
Further elements conferrxng F 

4888 to 4892. 

.-o ^nonsible for induction by dry- 
Further elements responsxox , t 
„es, *~i.ic acH «-/- — are ocated at 

^A Cn 9072 tO 2077, ^ 

r,'".™. — « ^ 2863 to 286 \ 3ii 4 2 23 r 
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, 4246 4344 to 4350, 4479 to 4484, 4486 to 

4042 to 4246, 



4492. 



Ew le3:»orthemblot and PC* analyses 

,„ r , a on denaturating agarose ge± 
were separated on (Rm ersh.,»> by 

transferred to Hybond overnight . The BBA 

capillary blotting ""^^ crossl in*ing with 
„ as fixed to the ^ - , (s „ atagene) . 

300 ^oule » * f"^* ^ fron plas„ids 

Gene specific probes w speci £ic for 

containing ^^^T^^L^O-, , 

S 10 N °- * co the profile described for the 

Bo . 40 ) according to the J described abo ve. 

5 ' RACE . Probes were l» b * lled aC 65 „ c 

^hybridisation - ^^^ation buffer 
„ ith «. ;^ 1 ^ lm ° 0 n 5 „ „ aB2P0< , pH 7.2,. Probes 

<7% M dTn Tfinal concentration of 10' cp n /.nl 
„ere added in a fx bridised overnight at 

hyb ridisat on b u « »d^y ith 

/of BSC with a final wash of 0.2xSSC/0.1% 
trations of SSC « d to 

SDS for IS m» at 65 C inte „sifier 

,p films (Amersham) at /u 

ens Fig 1 shows the spatial and temporal ex- 
SC of w«DS2 (dag: days after germination, 

pression of ZmMAU^ a the 

dap: days after ln ^len, in 

Z ^S2 coding dehlgcence indi . 

PartlC r essentia role in poilen development and 
Z TZ n - in Particular pollen tube growth. 
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of tissues for ZmMADS2 expression 
RT -PCR analyses of tx.au ^ „ 

were Perfo- ^ ^ SuperScriptII 

used as template w the 

with -1 — 

PCR products were -^^^^ Z ^ ADS 2 spe- 
ted and ^"-; d r ; s t; s zr ^ s2 expression in 

^ Cnen and root tips (lower hand) . 

mature pollen cinu 

titative RT-PCR analysis of a*M*« expres- 

aion in pollen. «■ -rtlcOTt , p protocol 

DB aseI accord ng to respectiv ely, of 

(G ibcoBRL> . 250 « a cranscribed and a stan- 

each RKA probe were rever _ (zaittD S2) as 

dar d PCR was P-tor-d „«* « =Y^ q£ 
scribed above tW*. ^ et 

t Z M 9 4 and X 99 e„. pollen and seedling were 

i f for the presence o£ cD« R s wxth 

analysed for the P ^ ^ ^ ubrarles 

9eM "Tates in a -andard PCR as described above, 
as templates m a produ cts, gels were 

To confirm specrf^ty of PC * 

rotted and hybr^sed t r-> ^ ^ ^ 

specific P**-«'£ 3 ^ u . zmroDS2 is only ex- 
various reproductive cexx 

pressed in pollen. 
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Thus it was shown that ZmMADS2 is most abundant in 
Lien after dehiscence. At that stage pol- 
mature pollen art ^w^i-aiiy inactive. The 

lor, are dehydrated and metabolicaliy in 
len are aeny therefore takes place 

onset of ZmMADS2 expression theretore 
onset oj- ma ^ lir itv but before dehy- 

after the pollen reaches maturxty, b 
nation inhibits transcript xonal ^ty ( Pxg 
*i A faint signal was detected xn root txps (Pxg. 
'which T s confined by RT-PCR analyses as shown 
* 2 The lower band represents amplxfxed 
cDNA which is detectable in mature pollen 
anTroot tips- The upper band represents genome 
DNA. 



Tn order to localise ZmMADS2 transcripts whole 
in situ hybridisation experiments were 

performed. 
Example 4 

t- in situ hybridisation and DAPI staining 
Whole mount xn situ uy^- 

. * * 4, limiid medium as described 
Pollen was germxnated xn lxquxd 

by T orres et al. ^ ^"Ipts with 

^L'Tn ^Tia "ere prepared wit, OBPC-treated 
T «d water Germinated pollen were fixed for 

rrr: rr.-p—— *< - *rszz 

, on rnprature Fixation and all follow 
dium at room temperature. 

a ™ were performed in Eppendorf tubes 
xng steps were p centrifugat ion for 1 min 

pollen was P reCipita "*^ ature for the exchange of 
i^oo rum at room temperature 
* I Pollen was dehydrated by passage through a 
medium. Pollen pp solutions at room 

series of 3:7, i-^ 
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for 30 min each (ME: 90% methanol and 

temPerS :T EGTA P p : 4% paraformaldehyde in PBS 

" % "h" buffed .aline, 130 *. »*. 10 m 
(phosphate buff. . ncubated £or l0 mn 

NaH,PO., P H 7.4) . ^ i()o% ^ fce£ore 

i„ 100% ethanol and tor performed 
rehydration through an ethanol series wa p 
(85% , 70% , 55 %. and 35% ethanol in wate > ^ 

K ar -^ h r::r;-inase ta «, - 

^.PH - - were 

popped with 2 ™ 9 ^J s ly ; in : in) Toll'en were re- 
^ was -;- d i ;" a : BS room temper ature with 4% 

" Idehlde in PBS and were washed twice for 5 

paraformaldehyde J ' a „ as vutM with 

* Tifl-rn TthTe-e shading. After 

and the — ^° " „ ere addea to a fi- 

500 ,.1 Eppendorf tube . DIG _ lab elled ENA 

Ml concentration of 500 ng/ "\ o£ zmMH)S2 

pr0 bes were ^^J^^ »Tth Sp* and T7 
eloned into ^^ SZL^ to the manu- 
ro Polymerase (BOeto ™. disation was carried out 
feeder's ^ Bnaking . The samples 

ac , 2 =C overmght w lt ^ fl 1% 

were washed for 10 mm at 42 ^ 

sos r^ g ^ sh ^^ z p — d - "I 

40 - a Tn 1 0 ,1 K»ase buffer (10 « Tris-HCl 

... -^--r^^"^ 

rc^r^^rc^Ubriated for . min 
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in Bl butter (Boehringer) . Blocking was performed 
2 Bl Z er with 1% blocking reagent .Boehringer, 
d 0 3* TritonXiOO for Ih at room temperature. 

2 t was performed with ***** ^ 

far , nrer . s protocol (Boehringer). The re 

^d — ^ 

by adding buffers at neutral P« (Trrs 

buffer) . Reactions could be restarted by retrans 

f erring the probes into reaction mixture. 

DMI staining was performed with pol 1. ^ 

^rrirdr:::: - — — f »^ 

35, ethanol in water, . Pollen was transferred 
-Vi.^ buffer (pH 7.S) with 200 ng/ml «PI and 
to Trie HC1 (359/441 nm) . 

staining was monitored under 

.v, in situ hybridisation experiments with Z mMM=S2 
The in situ hyor traMcrlpt e in the emerging 

antisense probes sho„ea «ans^ P^^ ^ 

POUen Iten tie grolth. transcripts are translo- 

During pollen tuDe yx t with 

oated into pollen tubes ^""^re 
increasing concentration toward the tip IFig 

The translocation of transcripts into 

h ■ pollen tube precedes migration of 

, i„ fha soerm cells into pollen tubes 
tive nucleus in the spe „. 

by more than two bours- ^ proce3S . 

o.ired only later in t * ^ ^ very 

ill ( X dehiscence and ^ 

;rriatrprr 9 :r 

impty a function for MODS* during pollen tube 
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In oarticular a function as a transcription 
ZTl; i / in regulating the transcription o £ one 



factor, i-e 
or more target genes. 



Example 5= Transient transformation assays 

Pollen transformation was carried out « 
modified protocol of Hamilton et 1. »»»^, 
mi ds containing the ZmMADSa promoter 

graLs f Nicotiana taoacum ,*!> using a helium 
driven biolistic device <PDS-1000/He Bioliatrc Par- 
ti Unlivery System, Bio-Kad, . The plasmas con- 
fc ^-F qpo ID No. 3, Pos. 1-1538 
t-ained fragments of SEQ i.u 

J538 (pDNS8 ) or no promoter (negative control) . 

n,^ with a brush on sterile 
p oll en were spread °u wi ^ ^ ^ 

plastic petrx disnes 

/n ni* HBO,, 10 mM CaCl 2 , U,us urn 
r^nllen medium (0,01* h 3 ^w 3 , 

KhT 0.1* yeast extract and 10, sucrose, with 
oT'agarose. Bombardments were done 5-20 mm after 
0,6, agarose boinb ardments done with 

spreading of the pollen, ro 
leaf tissue, tips of young leaves 
Placed on petri dishes containing sterile water 
r 0.S* Igarose. The plates were Kept at 

io ifi h Drior to measurement or iu 
temperature for 12-16 h prior 

cif erase activity. 

• of luciferase activity were carried out 
Measuring of lucirera* following 
„ith the Luciferase Assay Kit (Promega, following 
the protocol of the manufacturer technical Bulle 
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««- for the preparation of the tis- 
tin #TB101) except for the p P 

^ound a — c — 6 nd ™-,ea in 

. setsch-rl <™ 2 wete centri£uged at 

but fer was added. Al P supern atants were 

10 ,000 x , *« J-n- - ^ a LuminomeCer 

aSSaY ! M 9S X Behold) . Correction. were made 
(Lumat LB 950! remain ing in the agarose 

£or the volume of liqui =on _ 
pellets. Total numbers o£ assaye P 
struct were 30 (pollen) or 5 (leaves) . 
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Claims 

, A nucleic acid molecule £or use in cloning and 
no a pollen specific nucleic acid sequence 
rr;^ -c" is selected fro. the 9 roup con- 

sisting of 

,., the nucleic acid sequence defined in any one of 
SEQ ID ». 1 « ». or a complementary strand 

thereof , 

, . r acid sequence encoding a protein or 
£ t^ - lino^id seance defined in SK 0 
ID Ho. 2 or a complementary strand thereof. 

,c> a nucleic acid sequence which hybridises to the 

(c) a nuciex^ b x or a com- 

nucleic acid sequence defined a) or b> . 

plementary strand thereof and 

id) a nucleic acid sequence which is degenerate as 
of the genetic code to the nucleic acxd 
a result of the g r a complementary 

sequence defined m a) , b) , O , or 

strand thereof, 

Ce> alleles or derivatives of the nucleic acid se- 
(e) alleles or a comple . 

quence defined in (a) , <b) , <c) , 
mentary strand thereof. 
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, a nucleic acid molecule for use m cloning and 
a pollen specific nucleic acid sequence 
expressing a pollen sp ^ 
in a plant which is selected from the g 

sisting of 

(a) th e nucleic acid sequence set out in SEQ ID No. 
3 to 11. or a complementary strand thereof. 

(b ) a nucleic acid sequence which hydridizes to the 

(b) a nuclei . efHned in (a), or a comple- 
nucleic acid sequence defined ml). 

mentary strand thereof and 

CO alleles or derivatives of the nucleic acid se- 

(c) alleles u complementary 
quence defined in (a) or (b) , 

strand thereof. 

■a molecule of claim 1 or 2, which 
3. The nucleic acid molecule 

is derived from maize. 

■a m olecule of claim 1, 2 or which 
4 The nucleic acid molecule 

is a DNA, cDNA or RNA molecule. 

. • nucleic acid molecule of 

5. A vector comprising the nucleic a 

any one of claims 1 to 4 . 

. of claim 5, which is a bacterial or 

6. The vector of claim =>, 

viral vector. 

e ^iaim<3 5 or 6, wherein 
n The vector of any one of claims 5 or , 

-, la n f aw one of claims 1, 3 
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~f ,nv one of claims 5 to 7, wherein 
8. The vector of any one <->j- 

i -; c ^ ^ ' or 3 1 element, 

the regulatory element is a b 

* 1 -» -i m r wherein the 5' regulatory 
9 The vector of claim 8, wnerem n * 

ILt is a prefer, in particular the CaMV 3SS 

promoter . 

10 . The vector of claim 8 or 9, wherein the 3- 
regulatory element is a termination and poly A ad- 

i„ particular from the NOS gene of 
dition sequence, m particular i. 

Agrobacterium tumef aciens . 

H The vector according to any one of claims 5 to 
10 ' which furthermore contains T-DNA, in particular 
the left, the right or both T-DNA borders. 

12 The vector according to claim 11, wherein the 
nucleic acid molecule, optionally in conjunction 
with at least one regulatory element, is located 
within the T-DNA or adjacent to it. 

13 A host cell containing the vector of any one of 
claims 5 to 12 or a cell deriving therefrom. 

14. The host cell of claim 13, which is a plant, 
yeast or bacterial cell, in particular a cell from 
a monocotyledonous or dicotyledonous plant or a 
cell deriving therefrom. 

15 A cell culture, preferably a plant cell culture 
comprising a cell according to any one of claims 13 
or 14. 
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16 A method of genetically modifying a cell by 
transforming a cell with a nucleic acid molecule of 
any one of claims l to 4 or a vector according to 
any one of claims 5 to 12, wherein the nuclexc add 
m Jecule of claims 1 to 4 contained in the vector 
is expressible in the cell. 

17 . The method of claim 16, wherein the cell is a 
plant, bacterial or yeast cell- 

18 The method of claims 16 or 17, wherein the 
transformed cell is regenerated into a different!- 

ated plant. 

19 The method of any one of claims 16 to 18. 
wherein the cell is transformed by transfer of the 
nucleic acid molecule or vector from a bacterium to 

the cell. 

20 The method of any one of claims 16 to 19, 
wherein the cell is transformed by direct uptake of 
nucleic acid sequences, by microinjection of nu- 
cleic acid sequences or particle bombardment. 

21 A method for isolating a pollen specific gene 
from a plant, whereby a nucleic acid sequence of 
any one of claims 1 to 4 is used to screen nuclexc 
acid sequences derived from the plant. 

22. A plant comprising a host cell according to any 
one of claims 13 or 14 or produced according to a 
me thod according to any one of claims 16 to 21 or 
progeny thereof. 
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23 Propagation and harvest material, in P-Ucular 

seeds and Plant tissue, uprising a host «U a. 
seeas <*u^ ^ derived 
cording to any one of claims 13 or 
from a plant according to claim 22 . 

24 A method for the production of a maie sterile 
-netically modified plant with a distorted pollen 
geneticax-Ly cell is transformed 

to 4 or a vector according to claims 5 to 12 a 
the transformed cell is regenerated into a plant. 
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ZmMADSl 




Figure 1 



480 bp 




Figure 2 



4? ^ & <? 



ZmMADS2 




Figure 3 
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ZmMADSl 



360 bp 




Figure 4 



anti sense 





Figure 5 
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Transformation of Nicotiana tabaoum - transient assays 

Expression of .uciferase in mature poiien and young teafs directed by detetion- 
P constructs of the ZmMADS2 - promoter 



relative light units 




M538 455-1538 1006-1538 1175-1538 no promoter 

Promoter (numbers correspond to nucleotides in Seq. # 3) 



Figure 6 
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<110> suawestdeucsche Saatzuchc 

<120> Male sterile planes 

<130> 23596 WO 

<140> 
<141> 

<160> 4C 

<170> Pacentln Ver. 2.1 

<210> 1 

<211> 12S8 

<212> DNA 

<213> Zea mays 



SEQUENCE 

Dr. H. P.. Spach 



<400> l „ ^rcaccttc ctctetcctt ctccctcggg 60 

teteggctag cttcctcccc tctccctcct CC agatcccc tcctcccuc 120 

aaacccgccg cctctgagct ttctccttcg 99" atcccgC cat cgtcgtcgcc 180 
cttctctggc acgttcggcg gcgcgcgcgg ^acag ctagc gcgcgcgcgc 240 

gtccttgett ccgaccggag ggccacaacc acaacc - * ag gggaaagatc 300 

gagecaggg. caagaagaga getagecata ^eggaga £ g=gccggaac 360 

gtgatccgea ggatcgataa ctccacgagc ^^g atgcggaggt cggcctcgcc 420 
gggatcctca agaaggecaa ggagctcgcc *^c.gcg J atcagttata 480 

accttctcca gcaccggccg cctctacgag ^"gca Laatcccaa cteggagett S40 
gaccggcacg geaaggecaa ggaagagcag c "9*cg - ct gca agaaaat 600 

Lgttttggc aaagggaggc agcaagc Ct g JLagaact gcagcccctg 660 

tateggcagt tgaegggaga tgatctttcc raj^J aga aggacca ccccttgata 720 
gagaatcaat tggaaacaag cctgcgcggt ^ccgcgcaa 9 a taeagacttg 780 

gatgagattc acgatttgaa tcgaaaggca ^"tatttc aa gatctatgag 840 

tacaataaga tcaacctgat tegecaagaa catcc aactc tgcagtagta 900 

actgaaggac caagtggagt taategggag cgcca caaca aaacaacaCt: 960 

gaaaccagag atgttccagc gcaacctgaa ""^acac £ agCaaaa ccg 1020 

gagecatea ccgctcccaa gctaggattg atgatacE « gagaaagaca 1080 

ccgtcetarg atgecgaagg aaactattta ^ * aatgcaaa t aa Ct =t:caga 1140 
tattcgtggc agggagacrn gagatatgaa ^aaa^s agttgcattt gatgtttgat 1200 

sess ssss ™~ - 



i 



<210> 2 
<211> 240 
<212> PRT 
<213> Zea mays 

<400> 2 , T , , r . ArQ Tie Aso Asn Ser Thr Ser 

Met Gly Arg Gly Lys He Val He ~rg Arg - - i5 

• ~ acn n 1 " '-e ?he Lys Lys Ala 
Arg Gin Val Thr Phe Ser Lys Arg «-g Asn ^ 
20 2 

,, a G i u val 3lv Leu Val He Phe 
Lys Glu Leu Ala He Leu Cys Asp ~a G.a . ^ 

35 40 

r^- Ser Met Lys Ser 

Ser Ser Thr Gly Arg Leu Tyr Glu .yr S~ — — 
50 55 
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ai* L"S Glu Glu Gin Gin Val Val Ala 
val Aso Arg Tyr Gly Lys Ala L,s ^ B0 

65 " 70 

, . Cl- Leu Lys Phe Trp Gin Arg Glu Ma Ala Ser Leu 
Asn Pro Asn Ser Gl-i Leu Lys 95 
85 

.,„ rlu As n Tyr Arg Gin Leu Thr Gly 
Arg Gin Gin Leu His Asn Leu Gin Glu Asn y ^ 

100 

w « « ~ - - si - - - Gln s Glu 
«. ,.» I * « « «. - « "* s ^ A,p H1 ' " 

130 135 

t,,*- aia qer Leu Phe His 
L eu lie Asp Glu II. His Asp Leu Asn Arg Lys Ala 

145 150 

_ Tie Asn Leu He Arg Gin Glu 
0ta Glu Asn Thr Asp Leu Tyr Asn Lys II. 
165 

• x L vs lie Tyr Glu Thr Glu Gly Pro Ser Gly 
Asn Asp Glu Leu His Lys Lys He xy^ 19Q 

180 

„x » Arg ^ ~ ~ « » - » " SI M1 

195 

c^y Thr Leu Pro Gin Gin Asn 
Arg asp Val Pro val Gin Leu Glu Leu Ser 220 
210 21 

, n — t v s Leu Gly Leu Gin Leu He Pro 
Asn lie Glu Pro Ser Thr Ala Pro Lys G Y ^ 

225 230 



<210> 3 
<211> 1502 
<212> DNA 
<213> Zea mays 



ssiU r -»™ esse s. 

r,= ~= ~ := 

tttgatgaac aatttacaaa tgcattaaaa 99«tgt aaacc gccttC tcc«: 300 

tgt tgtaact atataaaata gcaacataaa ^"attg aaa tcatta atgt 360 

atgcgaaa,a atttacacca gcctcatata 9^"^ 9 ca cgacagat 420 

ct 9 eL«cc a t gcatt:a Ct ctg 9 »cgaa Lctcgaccg gaaccatcgg 4 0 

ccactgttta caacaaacgt tcaaaggtgg caaag 9 gCtcc aaatata aga 540 

gcccacttgc aaaacttaat ggcgattcta tcaatgat gg ttgaggtcct 600 

caacatgg.t gucctccgc ttttacccc ^SE ccacCCC cac ac.cgacggc 660 
ccattatcca ggatgcggcc aagcgcatca acgaat g atgacacttt 720 

tctcctaaat tcatacagta ttacagttat """^J ^ cctc aaagaaagat 780 
aaatggaa.c agaaatagaa tgcaatgc.c a -« ccaacgC caa 840 

ct ™ "™ ~« 

catgtt^aa g^^ 1 -^ arratcaccc acaaaact- - - ^ n non 

aaacagcacc 9 e--«a»« -g«^t caaaC cagc C caaatacg.a 1020 

atccacacaa tctgcgcacc attaatttta a 
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caacga ^ aacaatacta 108 0 

acaaagcgcg c= = a^gcg ^"agttt iT^Hl'c tggtactact 1140 
ctatattaga cacaaaatta 9^"^ * caagcacgca caatagaaaa 1200 

ataattaggt gtactagaag «actacgcc ctg 99 9 ccaCat actagctgcg 1260 

gagcgccctc gtgctcagag ^ cC ^" aC cattagca cggccattta gcggtaatga 1320 

= :™ i Si ra =S SSS i 

sssr= ««•— s *"* 9 ■ 



<210> 4 
<211> 502 
<212> DNA 
<213> Zea mays 



— U cgtg— a^cattg * = SE=£ S=S H°o 

ess ~= " = sse 

tttgatgaac aatttataaa tgcattaaaa f ctaaa aacc gcctttttct 300 

tattgtaact atataaaata gcaacataaa "taatcgc aa tcacC aatgt 360 

acgclaaata atttacacta gcttcatata gta tagccag catgacagat 420 

^gcattatc atgcattatt f~£ aa 3 ag Lctcgaccg gaaccattgg 4 JO 

ccattgttta caacaaacgt tcaaagg yy 
,-, aa t-rtaat ciq 



^v^.ea^'-^j ' 

gcccacttgc aaaatttaat gg 



<210> 5 
<211> 500 
<212> DNA 
<213> Zea mays 



s= ss= •= S= = =i 

sss: ?i '—s s 

His iii s= == «= — •- s 



taattttaac aacacctata 



<210> 6 
<211> 1000 
<212> DNA 
<213> Zea mays 



^aca ™gt tttgtttcaa -taagaca ~| g ^al So 
uLccccaat gggttctatc aatgatggtt tcctaa attt atacagtatt 180 

gtgcatcaac gaatatgatc acttctacac ***** ag aaatagaatg 240 

Lagttatat atttatagtt atatatttat ^«"^ tt ggaCCC agat atagtccagc 300 
caatgcttaa acaaaaccaa tgaatcttaa ? gtctC aagt gctcttaaaa 360 

aaccUac aatagtatac atataatgcc ^ .aataa 420 

»;££c -L«*«« ^g** ^ sgcgcg 540 

taattttaac aacacttata aattagctca aatacg.a ca caaa atcagg 600 

suss r= — — - 
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^^rrr-r-rr- ~cji_ qctcaqagtg 720 
actacgccct gacgg^aca agcacgcaca atagaaaaga gcgce^ 

ctcgccttta gtttcgtggc tactatatac cage g 9 ac aaacaaagcc 840 

tctgggctat cattagcacg cgtctggcct cetgccctcc 900 

ctggggtagc caategggtg "9 CC ^ ^clgatagg ggaaagtctg ctegcaagtt 960 

tcctcccttt ecttgetaaa taaagcaagt ^ 100 O 

gcatccgccc tgegecaaga aaagecateg ttcttcccac 



<210> 7 
<211> 740 
<212> DNA 
<213> Zea mays 



<400> 7 at-aat-cagc aacttatgac aatagtatac 60 

tgaatcttaa agaaagattt ggatccagat atagt 9 actatgtaca ttttctgett 120 
atataatgee aatgecaaca tgtttcaagt Sctcttaaa tccae catcacctac 180 

cgtttactca aatacgtaaa atagcactgc "tataa ^ aac aacactta ta 240 

aaaacttttt ccagcaacat ttatataatt ^gcatcat tagtt cttat 300 

aattagctca aataegtaac aaagcgcgcc "tgggcg 9 at ttat ttactg 360 

acagtgaaaa caatactact atattagaca "^"^ a * tacgccc t gaeggagaca 420 
gtactacttc tttaagtcat aattaggtgt ctC gccttta gtttcgtggc 480 

ag cacgcaca atagaaaaga gcgccctcgt S^agagtg J cattagcaC g 540 

tactatatac tagctgegao gatttttatt «cttt-tc J caategggtg 600 

gecatttagg ggtaatgagc ageggecaat aaacaaagcc J**^ ccCcgctaaa 660 
tcgccgtgcg cgcgcgcgcg cgtctggcct c * gca tccgccc tgegecaaga 720 

taaagcaagt agcagatagg ggaaagtctg ctegcaag a 74Q 
aaagecateg ttcttcccac 



<210> 8 
<211> 500 
<212> DNA 
<213> Zea mays 



<400> 8 ^hooaracq ctcaagctac tagttcttat 60 

aattagctca aataegtaac aaagcgcgcc catgggcgcg ^ ttaCttactg 12 0 

acagtgaaaa caatactact atattagaca "aaattagg 9 gaeggagaca 180 

gtactacttc tttaagtcat aattaggtgt actagaagct ^ gtctC gtggc 240 

Igcaegcaea atagaaaaga gegcect*' J^^S tctgggctat cattagcacg 300 
tactatatac tagctgegae gatttttatt ctg gggtagc caategggtg 360 

gecatttagg ggtaatgagc ageggecaat tcctcccttt ecttgetaaa 420 

tcgccgtgcg cgcgcgcgcg cgtctggcct ^ tgcgccaaga «0 

taaagcaagt agcagatagg ggaaagtctg ctegcaag g 500 

« t-t-r.t-t-rrrar 



aaagecateg ttcttcccac 



<210> 9 
<:211> 410 
<212> DNA 
<213> Zea mays 



<400> 9 _ „ Fac tacttc tttaagtcat aattaggtgt 60 

taaaattagg tgtagtttat ttatttactg Jtaet^ aCagaaaaga gcgccetcgt 120 
actagaagct actacgccct gaeggagaca ^agcac tag * tgcg ac gatttttatt 180 
gctcagagtg ctcgccttta gtttcgW «« a ££ agtaatgagc ageggecaat 240 
ctctttctct tctgggctat cattagcacg geca . gg -| cg cgtctggC ct 300 

aaacaaagcc ctggggcagc - * ^agci? agcagatagg ggaaagtctg 360 

cctgccctcc tcctccc-tt cctcgcw ttcttcccac 
ctegcaagtt gcatccgccc tgegecaaga aaagecateg 



<210> 10 
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<211> 310 
<212> DNA 
<213> Zea mays 



<400> 10 _ . caq ctagct :ccccctctc cccctcctct 60 

aaacgcacac atagaagcac cattcccctc ^«ag gcttt cttcttcgag 120 

tcgtcttcct ct«cctr« cccttggg" g ,tcggcggc gcgcgcggag 180 

tgctcccacc agatctccrc cccctca ^"^tcc gatcggaggg ccacaaccac 240 

™< ss sss «— - 

ccggagatcg 



<210> 11 
<211> 251 
<212> DNA 
<213> Zea mays 



^aa «c tt a tg a tg c C gaaggaaac, -™ ~> tg S„ 
actcagagaa agacatatcc gtggcaggga 9 at "9»J" gg Lgatt:gc ttcctagttg 180 
^aa.aa^ -gac.gga a.gggg^ g^caga gg^^ caaaatggcg 
catttgatgt ttgatgagac ttttctcatg w 251 
cagatgttgc c 



<2io> 12 
<211> 5031 
<212> DNA 
<213> Zea mays 

<220> 

<221> misc_feature 
<222> (1813) - - (1994) 
<223> EXON I 

<220> 

<221> miscfeature 
<222> (2871) . - (2954) 
<223> EXON II 

<220> 

<221> misc_feature 
<222> (3202) . . (3258) 
<223> EXON III 

<220> 

<221> misc_f eacure 
<222> (4066) . - (4166) 
<223> EXON IV 

<220> 

<221> misc_f eacure 
<222> (4248) . - (4289) 
<223> EXON V 

<22Q> 

<221> misc_f eacure 
<222> (4367) . . (4449) 
<223> EXON VI 



<220> 
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<221> misc_f eatv._s 
<222> (4523) . . (4676) 
<223> EXON VII 

<220> 

<400> 12 „^i- aC aaatcj tatgtaacac agtaaatctg 60 

ctgaagetgt cgtgttcctc acgtgcattg 9Ctacaaatg caaaaaccta ttccatttct 120 
attgaaaagt taaatcttaa ^-aaac caaatgC ata atgeggetac ISO 

ttgcatatga aaaataeagg cattccatgt ^"^J ata ataaatc egteatgtaa 240 
tttgatgaac aatttataaa tgcattaaaa 99«tg,aac ^ gccCttttcC 3 00 

tgttgtaact atataaaata geaacataaa "^aattg caaa tcattaat gt 360 

atgegaaata atttacacta gctteatata 9 catgacag at 420 

ct^cattatc atgcattatt ctggtatgaa ^aagagcgc 3 gaacC attgg 480 

ecattgttta caacaaatgt tcaaaggtgg ^taaag aaatacaaga 540 

gceeacttgc aaaatttaat ggtgattcta CC aat g atgg ttgaggtcct 600 

eaatatggtt gtatctttgc ttttaceeea at 993"=« tcac ttctae aetegacggt 660 
ee.tt.2e. ggatgtggtc aagtgcatea -gaatatga atgatacttt 720 

tctcctaaat ttatacagta ttaeagttat atattta g fc aaagaaaga t 780 

aaatggaatc agaaatagaa tgcaatgctt ^ataaaae ccaatgccaa 8 40 

ttggatccag atatagtcca gcaacttatg ^aatagt ca aataegta 900 

catgtttcaa gtgctcttaa aaactatgta -J^^ ctccagcaa c 960 

aaatagcact gctctataat aagtaeatct *"atca taaa ttagct caaataegta 1020 
atttatataa tttgtgcatc attaatttta atacagtgaa aacaatacta 1080 

acaaagegeg cceatgggcg egcteaagct a ="|"" tggta ctaet tctttaagtc 1140 
ctatattlga cataaaatta ggtgtagttt atttatttac ^ ^ caatagaaaa 12 00 

ataattaggt gtaetagaag ceactacgcc taatttcgtg gctaetatat actagctgeg 1260 
gagcgccetc gtgetcagag tgctcgcctt "gtttcg g * ^ ggggtaatga 1320 

Lgatttcta ttttctttet ettctgggct "cattagca 99 cgcgC gegcg 1380 

gcag eggcca ataaacaaag ccctggggta 9=«atcggg ^ gtagcagata 1440 

cgegtctggc ctcctgceet cctcc c« gaaaagcca t cgttettecc 1500 

ggggaaagte tgctcgeaag ttgcatccgc ettectectc tcteectcct 1560 

feaaaegcae acatagaagc ateattcccc "^"ag ttettctteg 1620 

ettegtette ctetttcctt ctceettggg acgct cggeg gcgcgcgcgg 1680 

agtgctccca ccagatctee tcetcettac "^ctttgg J ggccacaacc 1740 

agatagatag atcecgccat cgtcgtcgcc jeettgett 9 a gctagccata „oo 

acaacccccc gctecttage gcgcgcgcgc 9agccaggg a cCccacgagc i860 

ggeeggagae cgatggggag gggaaagate 9*9*"^ agaa ggeeaa ggagctegee 1920 
cggcaggtga ccttctecaa gegecggaae 99g»"«« g 99 cctct acgag 1980 
atectetgeg atgcggaggt cggcetcgtc "cttetec. atcaattcaa 2040 

tactctagea ecaggtegte gceettegat "ttatcegt J tatataata a 2100 

tacttcaata atgeeaactg ttttcttget c"gttgaa g =9 cttta tgatt 2160 

tagagttgtt cttggettct tgctttaatt ^"tgggtt * tggaccta ta 2220 

tgaaaetaca caetacctgt ctcatataca ^9^9=9 J^acctg tegattgteg 2280 
caeeatgtat acacaagtcc taaggtagae ^attt tctttgaegg 2340 

aatattgact gtacatatag egcaeagage "9caaeaac ac ggttagta 2400 

ggcaagcaag atetgegtat geggtetaac aataaaatae accat tattccCCtc 2 460 

tttgtgtttt tgecectctt ctteettgtt ^"ggtcta ^ gtgccaCa ta 2520 

caaaaaattc cctacgcacc ateggaattt ca attagctt tgteatattg 2580 

ttgagtggca tatagtaggg aacatatgea gaaa cgcata ggettttgtg 2640 

ttteatgtga tcaactcgac acagcatgtc ^^cagtag 9 ctgg tagtgt 2700 

atgtaagaca tatgtgtgca tatatatgea ^99""* gccCag atcctaacte 2760 
cactgccatc agagagt^t tcectagaga Latatttta eaaegaatag 2820 

etgtaattaa gattttaacc tttttagata 9Ctataaaet caCga aatca 2880 

eatagtaata gtccettctt gggataaaet 9a«tttg.g g 9 ccccaac tcg 2940 

gttatagate ggtacggcaa ggccaaggaa 9ag«gcaag f£ J gcCtgC ttaa 3000 

gagcttaagt cctgcccrag ataatttttt * * taagttcat g 3060 

ctaaaagatt gctatacttt ttttgettte 9Ctttgatat tccCa ec C tt 3120 

gtttttaagg atgggaagaa attaeaeaac cccgggccgt cgaceacgcg 3180 

etttatctra cccagctgct tgatcttttc - a 9«acea 999^^ aactgcacaa 3240 
tgecctatag tgagtcgcaa cgeaaaggga 99«9caa g 9 aa gttattca 3300 

ectgeaagaa aattatcgea tggttcgaaa acectgeaaa 
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acicatgcaai- atccaaatgc 3360 
ttagaaactt gagtg.ccag agacagaagc agcaagagtc aaattatcat 3420 

aggtacaact attacacatt ««g«« £££££ gacaagctga acatgtgaaa 3480 
gtgaaaggct agacattaga "Ccaaaaca ^J"* Latcacagt taaactactt 3540 
Ltattctac ggccaacaat aaaactaaaa caaaacaggg aacaagctct caaggct gtc 3600 
cccctgcttc attttaaagg tgcatttgca tttgcat g cattcagca3 3 660 

tctaacagct accctatcac atcccctatc «ac acaaccetgc tgcggatagc 3720 

acagtgtaat ctagagtaca ^""^ aaacc cagaaaattc 3780 

ctaacattgt actttgacca tgaacttctc caattctcat acactaagac 3840 

aatgttgttt caaaagcttt gtgagatatg ccaaacggC c ttttttccat 3900 

tgcatataat ttgattaact gttagacaaa "ttgt caaac atttatagag 39 60 

acaaaagaaa cagagggtat atcaaaacat ^cctg g gLtgtgtgt gt.ta.tegt 4020 
aaaacacaca catatattgg caaccggcaa Lagggcagt tgacgggaga 4080 

ataatacaca acattaattg ctgatgccta ct"tttg aaC cggaaacaag 4140 

tgatctttct gggctgaatg tcaaagaact * aatcaatt gt 4200 

cctgcgtggt gtccgcgcaa agaaggtttg attct aCct cttgat 42S0 

tcaataaatt actaaagatc gttactactg "gatgct gtgaatcta t agttatgtgt 4320 
agatgagatt cacgatttga atcgaaaggt c ^ aa "^ cacaggcaag tttatttcac 4380 
tttatttgat ttagtagcac tgactaacca ctttgttggt - J* cgatgagt ta 4440 
caagaaaata cagacttgta caataagatc a ^ctgatt g wc cacacaCatg 4 500 
cataaaaagg tagctgatga attgaacaaa aataecact. J ttaatC ggga 4560 

acatgatatt aactgttctc agatctatga 9actgaagg ccag cgcaacttga 4620 

gtcaccgact ccattcaact ttgcagtagt »3**»^L Ltgctccta agctagggta 4680 
Ltcagcaca ctgccacaac aaaataacat tgt t g actac agtgotataa 4740 

taacatttat tctctctata tatttcaatt ^aactag agaagagtaa aactgccgtc 4800 
tgagttgcta aacacatgca gattgcaatt aa "=™ a c CC agagaa agacatattt 4860 
ttatgatgct gaaggaaact atttattgtg caaataattt tcagactgga 4920 

gtggcaggga gatttgagat atgaacttat aaatgta g gC ctgacgagac 4980 

at ggggtcgt ggaattcaga 9g-tgattgc cagatgCtgc t S031 

ttttctcatg tgaaacgttt attaaaactt caaaatgg g 



<210> 13 
<211> 20 
<212> DNA 
<213> Zea mays 

<400> 13 

atggggaggg gaaggattga 



<210> 14 
<2ll> 21 
<212> DNA 
<213> Zea mays 

<400> 14 

ctgttgttgg cgtactcgca g 



<210> IS 
<21l> 21 
<212> DNA 
<213> Zea mays 

<400> 15 

aggggcaaga tcgacaccaa g 



<210> 16 
<211> 19 
<212> DNA 
<213> Zea mays 
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<400> 15 19 



gkcgwactcg tagaggcgg 



<210> 17 
<211> 20 
<212> DNA 
<213> Zea mays 

<400> 17 20 



atggggaggg gacgmgttga 



<210> 18 
<211> 20 
<212> DNA 
<213> Zea mays 

<400> 18 20 



gctgccgaac tcgtagagct 



<210> 19 
<211> 21 
<212> DNA 
<213> Zea mays 

<400> 19 21 



gttgttggcg 



tactcgtaga g 



c210> 20 
<211> 20 
<212> DNA 
<213? Zea mays 

<400> 20 ZU 



gggcgcaagg tacagctgaa 



<210> 21 
<211> 21 
<212> DNA 
<213> Zea mays 

<400> 21 21 



gttgttggcg 



tactcgtaga g 



<210> 22 
<211> 21 
<212> DNA 
<213> Zea mays 

<400> 22 

aagggcaaga ctgagatcaa g 



<210> 23 
<211> 23 
<212> DNA 



21 
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<213> Zea mays 
<400> 23 

cacttgaact cttttacgct tat 



23 

<400> 23 



<210> 24 
<211> 23 
<212> DNA 
<213> Zea mays 

<400> 24 

gacaatcttg acacatgtat gaa 



<210> 25 
<211> 22 
<212> DNA 
<213> Zea mays 

<400> 25 

cgattcaaat cgtgaatctc 



<210> 26 
<211> 20 
<212> DNA 
<213> Zea mays 

<400> 26 

cccccgggct gcaggaattc 



<210> 27 
<211> 22 
<212> DNA 
<213> Zea mays 

<400> 27 

ttttagcaac atctgcacca 



<210> 28 
<211> 19 
<212> DNA 
<213> Zea mays 

<r400> 28 

tctcggctag cttcctcct 



<210> 29 
<211> 30 
<212> DNA 
<213> Zea mays 

<400> 29 30 



cggcctatag ctagctcrcn tcttgaccct 



<210> 30 
<211> 27 
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<212> DNA 
<213p Zea mays 

27 

agggtcaaga agagagccag ctatagg 



<210> 31 
<211> 28 
<212> DNA 
<213> Zea mays 

28 

<400> 31 , „ 

gctaaggagc gagaggttgt gg^gtgg 



<210> 32 
<211> 26 
<212> DNA 
<213> Zea mays 

26 

<400> 32 „ ... 

ccacaaccac aacctctcgc tcctta 



<210> 33 
<211> 19 
<212> DNA 
<213> Zea mays 

19 

<400> 33 

tcggcagttg acgggagat 



<210> 34 
<211> 20 
<212> DNA 
<213> Zea mays 

20 

<400> 34 

ttagcaactc attatagcac 



<210> 35 
<211> 20 
<212> DNA 
<213> Zea mays 

20 

<400> 35 

agaaaccaga gatgttccag 



<210> 36 
<211> 21 
<212> DNA 
<213> Zea mays 

21 

<400> 36 

caacatctgc accatttrga a 



<210> 37 
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<211> 23 
<212> DNA 
<213> Zea mays 

23 

<400> 37 

gtcacatcaa caagcgtcct acc 



<210> 38 
<211> 23 
<212> DNA 
<213> Zea mays 

<400> 38 

taagagcatc aacagtagta acg 



<210> 39 
<211> 20 
<212> DKA 
<213> Zea mays 

20 

<400> 39 



agaaaccaga gatgttccag 



<210> 40 
<211> 21 
<212> DNA 
<213> Zea mays 



<400> 40 

caacatctgc accattttga a 



21 



